Chemistry is the Central 


Science 
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Identify wl hat i is ism n 
s Explain the relationship between chemistry and the other branches of science. 
Identify the nature of measurement and its importance. A 


Mention the tools and apparatuses used in chemistry labs. g 

Use practical tools which are suitable for the curriculum with accuracy and efficiency. 

Understand the concept of otechnology. 

Specify some of the applications of the chemistry of Nanotechnology. it 
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Conclude that some of the applications of Nanotechnology have useful effects, while others are harmful. 
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Ww Chapter Chemistry and Measurement by, 
uid 
| Since the creation of man, he is searching and exploring the surrounding universe to \ 
RI understand its phenomena, explain it and to even control it. All of what man had reached 
from his researches is coordinated in a structure called "Science". 
0 Science 
It is an organized structure of knowledge that includes facts, concepts, principles, laws, b] 
P scientific theories and an organized method in research and investigation. @ 4 
e The field of science differs according to : 
iB - The different phenomena under study. N 
x - The used methods in research. 
- The used tools. 4 
Ww * One of the major branches of science is the Ph; Sciences which include : k 
@ Chemistry E 9 j 
p @ Physics 7 ] 
v | 6 ws ) 
iology 
a Kd 
9 


Ó Earth Science 
© Astronomy 8 


E Chemistry is one of the Physical Sciences. 


oe 


a 
N 


Chemistr 


the changes that occur on it, the reactions of different substances with each other and 


Wi Cw 
YD 


the suitable conditions for these reactions. 


It is the science that is interested in studying the composition and properties of matter, a 


L/ 
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Chapter (1) 


p» Some applications of chemistry 
* The ancient Egyptians used some chemicals in mummifying their dead. 
e Since the ancient civilizations, chemistry has been related to : 
- metals and mining. - medicine. 
- some technical industries : 
* tanning. * dyeing of clothes. 


* production of glass. * production of colors. 


Chemistry has been divided into branches like : 
© Physical chemistry. e Biochemistry. 
(3) Organic chemistry. o Analytical chemistry. 
© Thermochemistry, © Nuclear chemistry. 
o Electrical chemistry (Electrochemistry). o Environmental chemistry. 


» The fields of studying chemistry 


The science of chemistry is interested in : 


o Studying the atomic and molecular structure D 


of the matter (the bonds within it) to identify (©) 
the properties of the matter quantitatively and : Pa s 
qualitatively. Sodium ion Na* 
@ Understanding and controlling the chemical 
reactions and their conditions. 
© Obtaining new beneficial products that 
can be used in medicine, agriculture, 
engineering and industry. 
o "Treating some environmental problems such as : 
Rust, pollution of water - air - soil , 


the shortage of water and energy resources. 
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3X Observe the following figures and clarify the relationship between chemistry and 


5 A your life. it 
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isoneof the 


of chemistry 


P Be 
ar are The dyeing of fabrics is à chemical i" 

x proces: ? 
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t ( From the previous, we observed that chemistry is related to many fields in our V 
life. 
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(c try is the central science 


Chemistry is considered the centre of most other sciences ... 
Because it is essential to understand the other sciences. 


Examples 


o Biology. e Physics. 
e Medicine and pharmacy. o Agriculture. 
© Future sciences. 


[1| Chemistry and Biology ES 


$ Biology is interested in studying the living 
organisms. 
* Chemistry is interested in the chemical 
reactions that occur inside the living 
organisms (e.g. digestion, respiration and DNA 


photosynthesis). 
o Chemistry is integrated with biology in 
a science called Biochemistry. 
Biochemi 


It is the science that is interested in studying the che 
the various organisms (e.g. carbohydrates, fats, protei 


Ba Chemistry and Physics 
e Physics is interested in : 
— Studying all about the matter like its movement and energy. 
— Inventing new methods for measuring more accurately 
to understand the natural phenomena. 
o Chemistry is integrated with physics in a science called 
Physical chemistry which studies the properties and 


structure of matter. The magnetic properties 
of the iron filings 
Physical chemisti 


It is the science that is interested in studying the properties and structure of the matter and 
the particles that form these matter. 


» The physical chemistry allows the physicists to perform their studies in an easier 


=> Because it studies the properties and structure of the matter and the particles that 
form these matter. 
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m 
Chemistry, Medicine and Pharmacy 
Medicines 


They are chemical compounds that have healing properties and can be extracted froi 


m natural 
sources or prepared in laboratories. 


* Chemistry plays an important role in each of medicine and pharmacy fields. 


=> By knowing the nature of functions of the hormones and enzymes and explaining 
the role of medicine inside the human body. 


i] 
a Chemistry and Agriculture Eod 


Chemistry helps in agriculture by : 


* Selecting the suitable soil for planting a certain crop by 
the chemical analysis which determines the ratios of 
the soil components and the degree of sufficiency of 
these components for this plant or crop. 

* Increasing the productivity of crops, as chemistry can 

prepare the suitable fertilizers for each crop and also 
the insecticides to get rid of the agricultural pests. 


Chemistry and the Future 


We can discover and form some substances with extraordinary properties through using 
Nanochemistry. 
Nanochemis! 


It is the science that is interested in discovering and forming new substances with extraordinary 
properties that may be used for improving of various fields to provide numerous human needs. 


As we will study in the next chapter, these substances may be used for improving of 


various fields like engineering, communications, medicine, the environment, transportation 
and provide numerous human needs. 


asurement in Chemistry 


The advancement of the scientific, industrial, technological and economical fields is 
the result of the correct and accurate use of Measurement principles. 
Measurement 


Itis the comparison of an unknown quantity with another quantity of the same kind in 
order to know the number of times which the first includes the second. 
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Chapter GAY 


Any measurement process must include two main points, which are : 
@ Numerical value : describes the measured property. 


[7] Suitable measuring unit : indicates a certain 
standard to which the measured quantity is being 
referred. 61.2 kilogram 


Numerical value Measuring unit 


The measuring unit 


It is a certain portion of a certain physical amount and used as an indicator to measure 
an actual portion for this amount. 
Example 


When we say that the length of the football playing field is 100 yd. 
We mean that the field is 100 times longer than the standard of length is called Yard (yd). 


Enrichment information 


The French scientist, Antoine Lavoisier, is considered responsible for making chemistry a precise quantitative 
science. As his experiments were completely of the quantitative type. He was the first o identify the composition 
of the phosphorus acid and nitric acid. Lavoisier wrote the law of conservation of mass. 

His work gave a strong push toward the advancement of the measuring tools and apparatuses in chemistry. 


The importance measurement in chemistry 


Measurement provides us with necessary information and quantitative data to help us 
making a proper decision and following up the required procedures, as follows : 


© Giving information about the type and the concentration of elements forming 
the substance. 


@ Monitoring and health protection. 
© Diagnosing and suggesting the suitable medication in case of defects (diseases). 


Measurement gives information about the type and the concentration 
of the elements forming the substances which we use : 


The following table shows the components of two bottles of 
mineral water expressed in mg/L (milligram/litre) unit. 


Components | Nat 


| Bottle (A) [255] 28] 87 | 12 [142 
| Bottle Œ) | 120 40 | 70 | 220 


o Suppose a consumer follows a nutritional system with low salts, 
which bottle will he choose ? 
It is preferred to choose bottle (A), because it contains lower amount of salts. 
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@ A person has consumed 1.5 L/day from bottle (B). Calculate the mass of calcium that 
he gained from this amount of water during the day. 


contains. 
—— 


From the table we know that in bottle (B) : 1 L 70 mg 


psp tems mg 
the mass of calcium = 13779 = 105 mg 
Measurement is necessary for monitoring and health protection : 


The safety of the environment and its protection requires : 
— the monitoring of drinking water. 


- the puirty of air we breath. 
- the healthy of food substances and agricultural products. 

* Use the following table which shows the international standards of the drinking water 
components to examine the quality of water in the two previous bottles. 


Components | Na* | Kt |Mg*|ca*| ci- [o 
Quantity (mg/L) | « 130] < 12} «50 | «300 | 200 - 250 | «250 


=> From the two previous tables we can conclude that the two bottles are valid for drinking. 
Diagnosing and suggesting the suitable medication in case of defects (diseases) : 


* Medical analysis reports indicate the health status of patients referring to medical 
analysis values of healthy persons which are known as "reference values". 


* Use the opposite medical analysis Medical Analysis Report 
report to clarify the following : = Value of 


" Reference Value 
? lysis 
© What does the reference value mean Type | analysis (mg/dL) 


The reference value means the normal limits (mg/dL) 
of lowest and highest values obtained on Glucose l 70 | 70-110 
normal healthy people. Uric acid ; 3 3 
@ what is your conclusion about these results T 
The amount of glucose is normal, but the amount of uric acid is abnormal, 
it is higher than the highest reference value. 
o What are the decisions that this person has to take ? 
He has to go to the doctor to take a proper medicine to treat this defect, then 
make a medical analysis to show how well the treatment is working. 
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D» Measuring tools in the chemistry laboratory 
© Chemical experiments are carried out in the chemistry laboratory. 
=> Because they require : 
- Safety precautions. - Asource of water. 
- Asource of heat (e.g. Bunsen flame). 
- Cupboards and shelves to store chemicals, tools and various apparatuses. 


It is necessary to know how you can use each of these tools and apparatuses. 


® In the following we willdiscuss some of these tools and apparatuses. 


u The sensitive balance 
Digital balances are the most common. 
© The top loading balance is the most commonly used of 
the digital balances. 
e Before using the balance, you have to read the instructions 
which are present on one of its sides. 
Usage 


æ It is used to measure the mass of substances. 


Burette Bu 


« The burette is a long glass tube with two openings, the upper one is used to fill the burette 
with a solution and the other lower opening has a fixed valve to control the amount of 
solution taken from it. 

« The burette is fixed on a holder with 
a metallic base to preserve its vertical 
shape through the experiments. 

e In the burette, the graduation zero is close 
to the upper opening and ends before 


the valve. 
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Metallic 
base 


! 
|! 
The burette 

scale 


Usage 
e It is used to measure volumes of the solutions 
with a high degree of accuracy during titration. 


ERY sl il e ay aa ade p gas i a 


Transparent beakers are made of Pyrex glass 


(resisting to heat). 


Usage 
1. Mixing the liquids and solutions. 
2. Measuring the approximate volumes of solutions. 
3. Transporting a known volume of liquid. 


Graduated cylinders iiiad 


Graduated cylinders are made of glass or plastic. 
Usage 
1. Measuring the volume of liquids where they are more 
accurate than flasks. 
2. Determining the volume of a solid body which doesn’t 
dissolve in water. 
How can you determine the volume of a liquid by a graduated 
cylinder ? 
By recording the reading at lower point of the concave surface of 
the liquid, keeping your eyes on the same level of the liquid. 
F The correct reading for the liquid 
volume here = 90 mL < 
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H Flasks Ed 
on 


Flasks are made of Pyrex glass. e Flasks have many different capacities. 


There are various types of flasks, according to their function like : 


Conical flask Round-bottom flask Volumetric flask 
It is used in titration. It is used in the chemical It is used to prepare 
preparation and solutions with very 
distillation, accurate known 
concentrations 
(the standard solutions). 


* Volumetric flask has a mark on its top. 
‘=> To determine the water volume that is added to prepare a solution with a known 
concentration. 


[B Pipette ee 


e It is a long glass tube opened from the two sides, recorded on it the volume capacity 
and the error percentage. 


Error percentage : 

The error percentage may be 
produced from the apparatus 
used or the circumstances of 
its usage and also from 

the human error resulting from 
the apparatus user. 


Pipette with two bulbs 
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o It is used to accurately measure and transport a certain volume of solution. 
F Way of usage : 
© Some of them are filled by mouth sucking and this must be with care. 


© The others are supported with a sucking tool and these are used with very hazardous 
materials. 


Measuring tools for pH value 


© The term pH refers to the concentration of hydrogen ions H* in the aqueous solutions. 


e Its value ranges from 0 — 14 
Usage 
© The pH value determines if the solution is acidic, basic or neutral. 


itpH <7 S dfpH-7 o CdfpH»7 c 


The solution is acidic. The solution is neutral. The solution is basic or alkaline. 


4x The determination of pH value is very important in chemical and biochemical 
reactions. 
ESD there are many tools to detect pH value such as: 
pH test paper tape. ) ; 
It is a porous paper saturated with an indicator 
solution and dried. 
© When this paper is wetted with the solution under 
test, it gains a certain color which indicates 
a certain pH value. 
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» It is more accurate digital apparatus, when it is 
immersed in the solution, the pH value appears 
directly on the digital screen. 


A solution of pH value =7 


A solution of pH value = 3.2 
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Chapter ? Nanotechnology and Chemistry n7 


These derived words are called SI Prefixes. 


» The following table shows some of SI Prefixes : yp 
" i b 


» There are some derived words from the SI basic units differ from each others by powers of ten (10"). f i 
Ww 


) SI Prefixes Abbreviation Multiple (10") Examples | 
é Giga G 10° 1 Gigawatt = 10° watt | 
| Mega M 10° 1 Megahertz = 10° Hertz 
= 10° mete 
Kilo k 103 1 Kilometer meter 


1 km z 10? m 


1 Decimeter = 107! meter 


1 dm= 107! m 
Centi e 102 1 Centimeter = 10? meter 
I cm= 107 
A = S a 
d m 3 
Milli m 107 3 
3 1 mm m 
Y Ei Nome i ne | 
Micro u 10% 1 Micrometer = 10 ^ meter 


lpm=10fm V 


4 ( Nano ‘i 109 1 Nanometer = 107? meter 4 
e A 


1 nm- 10? m 


T 
Femto f 10715 1 Femtosecond = 10-15 sec S 
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» The relation between the milli, the micro and the nano 


mE n * 1 1 
» milli Coo of unit) > micro 1000 000 7000 000 000 


e The following diagram shows how to convert from the measuring unit to its milli, micro or 


of unit) > nano ( of unit). 


nano and vice versa : 


The Unit 


Calculate the value of : 

© 42.3 millimeter by meter unit. @ 423 nm = 423 x 107 m = 0.0423 m 
@ 0.03 second by nanosec. unit. @003 3 x 10? ns =3 x 107 ns 
© 497.3 mg by microgram unit. © 497.3 mg = 4973 x 10° ug 


e Nanometer is used as a measuring unit for very minute particles like atoms and molecules 
as shown in the following figures : 


The diameter ofa sand grain The diameter of a water molecule The diameter of an atom 
=10° nm (1 mm) is approximately 0.3 nm ranges 0.1 : 0.3 nm. 


le of the extremely small particles of less than 100 nm. 


Ñ Substances gain unique properties on the Nano scale For Illustration 
differ from their properties on macro or micro scales. Macro : can be seen by a naked 
eye (> 1 mm) 
Micro : can be seen under 
a microscope 
Volume dependent properties. (100 : 1000 um) 
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These properties change according to the change in 
the Nano volume and they are called : 
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Critical Nano volume 


It is the volume the unique Nano properties of the substance appear and it is 
than 100 nm. 


| 22 Examples of Nano properties 


H The change of gold color according to the change of the Nano volume. 


* It's common that gold has a bright yellow color, 
but on reducing its particles volume to the Nano 


volume, it takes different colors like : 


Red, orange, green or blue according to the Nano. 
volume. 


* The change of gold color on changing its ‘Changing the gold color. 
volume from macro scale into Nano scale. EID according to its Nano volume 


‘=> Because the reaction of gold particles in Nano scale with light differs from its reaction 


with light in macro scale, 
The change of the copper hardness according to the Nano volume. 
© The hardness of copper increases by decreasing the volume of its 
particles to be in Nano volume. 


» Interpretation of the unique (unusual) behavior of Nano substances. 


e The unique (unusual) properties of nanomatter are due to 
É í A Nano copper 
the relation (ratio) between the surface area and its volume. powder 


Relation between surface area and volume of a cube. 
On dividing a cube of a side length of 1 cm to many cubes, the total surface areas of cubes 


increases, while the total volume of cubes still constant, as shown in the following table : 
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Length of 
the cube side (L) 
Number of 
cubes 
Total surface 
area 1x6 x (1 cm)? 27 x 6x (È em)? 
= (6 LÔ) x (no. 26e? = 18cm? 
of cubes) 
Total volume 
= L? x (no. of 
cubes) 
Surface area 6 18 
Volume 4d 6 sais 


a cm)? 27x d cm)? 
Lom? lem? 


With more division of the cube, the ratio between surface area and volume increases. 
& What happens if the division continues until we reach a cube of a length « 1 nm ? 
The ratio between the surface area and the volume will increase to a very large value. 
So, more number of atoms will be exposed to the reaction at the same time. So, 
the reaction will be faster. 


This idea can be understood also if you add two equal 
masses of sugar, one of them is fine powdered and 
the other one is a block cube in equal volumes of 
water at the same temperature, 


ə It is clear that fine powdered sugar dissolves in water faster than a block cube. 
=> Because sugar powder has a greater ratio between the surface area and the volume than that 
of a sugar cube. So, more number of molecules will be exposed to the dissolving process at 
the same time. 
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D From the previous we can conclude that 


The very large ratio between the surface area and the volume of Nano particles will 
give it new and unique physical and chemical properties like : 


— Chemical properties like : The speed of chemical reactions. 
— Physical properties like : Color, transparency, melting point, heat and electric conductivity, 
— Mechanical properties like : Toughness and elasticity. 


3x What is meant by Nanotechnology ? 


| "Nanotechnology" is a term of two words 


It is derived from the Greek It means the application of 
word "Nanos" which means knowledge in a certain field. 
"Dwarf" (i.e. very small). 


Nanotechnol. 


It is the technology of very small substances and it specializes in treating the substances on 
the Nano scale to produce resultants with new, useful and unique properties. 


Nanochemistry 


Nanochemistry : It is one of the Nano science branches which : 

o Deals with chemical applications of Nano substances. 

@ Includes studying, description and the synthesis of Nano substances. 

@ Studies the unique properties related to collecting atoms and molecules of Nano dimensions. 


È Nano substances may take different shapes as follows 


e Particles. e Nano tubes. 
e Nano columns. e Nano fibres. 
e Nano wires. e Thin films. 
e Balls. 
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Nano substances are classified 
according to their Nano dimensions into : 


{ ] 
One-dimensional Two-dimensional Three-dimensional 
Nano substances Nano substances Nano substances 


[1| One-dimensional Nano substances 


One-dimensional Nano substances 


are the Ni that have one Nano dimensiot 


Thin films Nano wires Nano fibres | 


o. 


1. Packaging food products 
to protect them from Electric circuits. The production of water 
getting spoiled or rotten. filters. 

2. Painting surfaces to 
protect them from rust and 
corrosion. 


Two-dimensional Nano substances 
Two-dimensional Nano substances 
| They are the Nano substances that have two Nano dimensions. 
"| Unicarbon Nano tube Multicarbon Nano tube 
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Carbon Nano tubes are : 

1. Good conductors of electricity more than copper. 

2. Good conductors of heat more than diamond. 

3. Stronger and lighter than steel, due to the powerful bonds between its molecules, therefore 
the Nano tubes which have the size of a human hair can easily pull a truck. So, scientists think 
to make very strong robes that can be used in the future to make space elevators (shuttles). 

4. Connected easily to protein. So, they can be used in making biological sensor devices 3 
which are sensitive to a certain molecules. 

& Give reasons: 

@ Carbon Nano tubes are stronger than steel. 
Due to the powerful bonds between its molecules. 
Q The scientists try to use the Nano tubes to make space elevators. 
Because they are stronger and lighter than steel. 
@ The carbon Nano tubes can be used in making biological sensor devices. 
Because they are connected easily to protein and they are sensitive to a certain molecules. 


Three-dimensional Nano substances 
Three-dimensional Nano substances 


They are the Nano substances that have three Nano dimensions. 


1. Bucky ball C60 consists of 60 carbon atoms. 
2. It is characterized by a group of special A 
properties, which depend on its molecular Nano shell consists of : 
structure. 1. Core : it is made of insulator 
3. The molecular model of the bucky substances, . 
ball appears as a hollow football. So, 2. Shell : it is made of very thin metallic 
the scientists test the effectiveness of using cover (almost gold). 
it as a carrier for a medicine in the body. 
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& Give reasons : 


Bucky ball used as a carrier for a medicine in the body. 
= Due to its hollow structure, it can be fitted with 
the molecules of a medicine and protect it from the reaction 
with a certain molecules inside the body. 

Enrichment information + 


red that Damascus swords that Arabs and muslims used long 
ion silver Nano particles that give it a great hardness. 


Applications of Nanotechnology 


[1| Medical field 0d 


@ The early diagnosing of diseases and picturing of organs and tissues. 

@ Exactly delivering of a medicine to the infected tissues and cells, which increases 
the chances of healing and decreases the harmful side effects of the traditional healing 
methods which don't distinguish between the infected cells and the other healthy ones. 

@ Producing Nano robots that 
enter the body through the blood 
stream to remove blood clots 
from the vein walls without 
surgical interference. 

@ Producing extremely small devices 
for dialysis that are implanted in 
the body of the patient who suffers 
from kidney failure. 


Enrichment information 


Dr. Mustafa El-Sayed was the first Egyptian Scientist obtained the American National 
Science pendant for using gold Nano molecules to treat cancer disease. 


Agricultural field 


@ Identifying bacteria that found in nutrients. So, we can use this technology in 
preserving food. 


@ Improving nutrients, pesticides and medicines for plants and animals with special 
features. 
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[3| Energy field 
@ Producing solar cells by using Nano silicon, 
which has a great ability to convert solar 
energy into electrical energy and avoid 
the leakage of heat energy. 


@ Producing hydrogen fuel cells, with 
a high performance and low cost. 


a Industrial field 


@ Producing invisible Nano molecules, which 


give the glass and ceramics the property of m 


self-cleaning. 


Self-cleaning glass 


@ Producing Nano substances to purify ultraviolet rays in order to improve sunblock 


cosmetics and creams. 9 
© Producing Nano wrapping technology in the form of paints and sprays to protect Sy ` 
the screens of electrical devices from scratching. E } n y 
@ Producing repellent tissues for stains that are ) x 

characterized by the self-cleaning property. b. 4 d 

n b] 


Self-cleaning tissue 


a 
Rh) 


There are some plants having leaves covered with natural substances which are repellent 
for stains. 4 
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Communications field 


@ Producing wireless Nano devices, mobiles and satellites. 
@ Decreasing the size of transistors. 


@ Producing electric chips that are characterized by 
a high storage capacity. 


[B] Environmental field 


Producing Nano filters which are used to : 

© Purify air and water. 

@ Solve the nuclear wastes problem. 

© Eliminate the dangerous elements from the industrial wastes. 


| 27 The possible harmful effects of Nanotechnology 


1| Environmental effects 


During the production of Nano substances, there It is the pollution caused by 
aré many wastes may be suspended in the wastes produced from 
the air, then enter water and soil and they preparing Nano substances. 
may easily penetrate the animal and plant cells, 

this is called Nano pollution. 


Medical effects 


The very minute Nano particles may enter the body of human or animal through 
the cell membrane of the skin and lungs causing diseases. 


Social effects 


The social and economic problems between the rich world countries and the developing 
countries may increase, due to the unequal distribution of technology and economic 
resources. 
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Chemistry DDN SHR 


Quantitative Chemistry 


Chapter 1: The Mole and the Chemical Equation. 


Lesson 1: The Chemical Equation. 

Lesson 2: The Mole. 

Lesson 3: The Limiting Reactant of the Chemical 
Reaction. 


Chapter 2: Calculation of the Chemical Formula. 


P A & D. 


DA 


—— 
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Unit Objectives 
Wi By the end of this unit, the student will be able to : ) n 


» Express a chemical reaction using a balanced symbolical equation. 


" » Calculate the mass of the mole of a chemical compound by using of the atomic mass. 
» Mention the relationship between the mole and the Avogadro's number. 
» Identify the molar volume of gas at (STP). ry 
vL » Calculate the number of moles of gas by using its volume and molar volume. 


= Calculate the mass percentage of the components of a substance by using its chemical formula or with 


the experimental results. q 


= Deduce an empirical formula and a molecular formula of the compound by using the experimental results. 


= Calculate the amounts of reactants and products in the balanced chemical equation. 
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Lesson One 


The Chemical Equation 


* Chemical experiments are carried out in laboratories under Ww 
N 


* Such these experiments and reactions can be expressed 


Ww 
X 
w certain conditions, tools, .... etc. 


by words or symbols, as the following reaction between 


P magnesium and oxygen (Magnesium combustion) : 
Magnesium 4- Oxygen heat, Magnesium oxide 
MEE Te Sy Bag n RS 2MgO 
? reaction condition 
Reactants Products 
The chemical equation =z 


| A group of chemical symbols and formulas of the reactants and products which are connected | 
by an arrow that expresses the direction of this reaction and carries its conditions. 


3x This chemical equation describes each of the reactants and the products 


Ot 


v 


accurately according to : 


Q The chemical symbols and molecular formulas : 


are 
CS 
D~ 


It shows the kind, the number or the ratio of elements that are forming the chemical 


substances. ry 


` 
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Chapter [0] Lesson One 


e The quantity : We can say in a quantitative manner that every 2 moles of solid 


magnesium react with 1 mole of oxygen gas to produce 2 moles of solid magnesium 


f CEPS UNE ll A 
Ereg | omg | e E je (so. 
| Duplicate these - | |^ 4Mg | [o | 20, Jep Z 


| quantities 


Divide these 
M; =O: = >| MgO 
quantities — B DA 2 | * 
Q The physical state : The chemical equation shows the symbols that are used to express 


the physical states of the reactants and products and it is written at the bottom right of 
the chemical symbol. 


oxide. 


Symbol Example 


Solid (s) Fe 
Liquid b H,0(/) 


Gas Oxg) 


Aqueous solution. NaCl 


X The chemical equation must be balanced where the numbers of atoms (or ions) are 
the same in both sides. GD 
= To achieve the law of mass conservation, 


Preface Example 


Write the balanced chemical equation for the reaction between hydrogen and oxygen 
gases to produce water. 


Í The steps Apply on the example 


Hydro; +0: — Wat 
the word equation. es xXygen Ter 
(gas) (gas) (liquid) 
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@ Write the symbolic equation. Hog + Oxe) — H20) 
The equation is not balanced. "|o "|o 
Because the number of oxygen atoms H o e 
produced from the reaction is lower j 
than that entered the reaction. & 


e 


© Balance the chemical equation. e To balance oxygen multiply H,O x 2 
By equalizing the no. of atoms of Hoy. + Oxg) — 2H50q 
oxygen in both sides of the equation. 
Thus, the equation is balanced. e To balance hydrogen multiply H x 2 
Because the number of atoms of 
elements produced from the reaction is 
equal to that entered the reaction. 


2Hyy + Oy, — ?H,0q 


fipplication 


EKB 
Write a balanced symbolic equation which expresses the reaction between glucose and 
oxygen in respiration process, 


Glucose + Oxygen ——» 


| © Write the word equation. 


Water + Carbon dioxide 


@ Write the symbolic equation. 
The equation is not balanced, because 
the number of C , H and O atoms 
produced from the reaction is lower 
than that entered the reaction. 


C6H0 + O, —> H,O «CO; 
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e Balance the chemical equation. 

- Add 6 to carbon dioxide molecule to CoH 20, + O, ——> 6CO, € HO 
have the same number of C atoms in 
both sides. 

- Add 6 to water molecule to have the C5H 206 + O, —> 6CO, +6H,O 
same number of H atoms in both 
sides. 

- It is found that the total O atoms in C.H,40, + 60, ——» 6CO, +6H,O 

671276 ? 2 
products equals 18. So, we need to Ww "i 
add additional 6 to O, molecule, to 
have the same number of O atoms in 
both sides. 


x 


^. The balanced equation is : CgH 30g +60, ——e 6CO, + 6H,0 


Molecule : The smallest part of a substance that can be found in a single form and 
The properties of the substance depend on it. 
Atom : The smallest building unit of the substance that can participate in chemical 
reactions. 
The molecule and the atom are very small particles, their dimensions are expressed 
a" the Nanometer unit and it is very difficult to deal with them practically. 


&? Balance the following equation : 
HS (aq) + S02) — Si + H9 


@ Write a balanced chemical equation of the reaction between nitrogen and 
hydrogen gases to form ammonia gas. 


lonic Equation 
Reed 


It is the chemical equation in which some or all reactants and products are written 
the form of ions. 


* The ionic equations are used to express : 
A. Some physical processes. 
B. Some chemical reactions. 


A | The ionic equation for some ph; I processes 


* Dissociation of some ionic compounds into ions when they are : 
- Melted. 
- Dissolved in water. 
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Dissolving of sodium chloride salt in water can be expressed ^" 
by the following ionic equation : 


water 
NaCl; ——> Nat. + Cla 


@ Neutralization reactions. 

e Precipitation reactions. 

[1] rhe ionic equation for neutra tion reactions iliis aildi 
* The reaction of acid and base to form salt and water is called "Neutralization FUAétiUi**r 


= Because the properties of acid and base disappear when they react together. 


The reaction between sulphuric acid and sodium hydroxide is represented by 
the following symbolic equation : 


HS aq) + 2NAOH (aq) — NajSO 4) + 2H), 


But, does this equation represent the real form of the substances in the aqueous solution ? 
Many substances like (acids - bases - salts) are ionized in water. So, the equation should 
be written as the following : 

2H faq) + S01) +2NAaqy 
® From the previous equation : 
The sodium ions Na(,, and sulphate ions SOR remained free and didn't participate in. 
the reaction. So, they can be cancelled from the both sides of the equation. 
So, the ionic equation of this reaction will be written as : 
4 et 
2Haq) + 20H —2H505 


The ionic equation of any neutralization reaction will be : 


Í ag) + OHag — H200) | 


Write the ionic equation that expresses the neutralization reaction between 
hydrochloric acid and sodium hydroxide solution. 


Solution HCK,, + NaOH yg, ——e NaCl + H3O 


+ 2OH (ag) — Nikea + SO +200 


+ T n 
a + Ca NS + OH Li tg + HO, 


H+ OK, — H0, 
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[ Note } 


In such these neutralization reactions, water is not found in the form of ions, but in 
the form of molecules. 


@ Write the ionic equation expressing the following reaction : 
Nitric acid + Potassium hydroxide solution ——» Potassium nitrate solution + Water 


EC reactions that Occur between aqueous solutions of two different (soluble) salts - 
and give (produce) solid salts insoluble in water (precipitates) are called "Precipitation 
reactions". 


On adding potassium chromate solution to silver nitrate solution, 
a red precipitate of silver chromate is formed which is insoluble in 
water. 

KCrOg(aq) * 2AgNOsqq) — 2KNO 3(aq) + AgoCrO4u T 


(red precipitate) Red precipitate of 
e The equation should be written as the following ionic form : silver chromate 


2- 
pos + COR) + Ag) * 2NÓ; '3(aq) — 2K a) +o (aq) + Ag; Cro 


9) From the previous equation : 
Kig and NOs(,,, ions remained free and didn't participate in the chemical reaction. So, 
they can be cancelled from the both sides of the equation to obtain the following ionic 
equation : 


+ o1 
( 2g) + C10; ay) — ALCO t J 


* The sum of. ciue on the left side = zero 
2Aghagy + CrOqa) = [2 X ŒD] (72) = zero 
* The sum of charges on the right side (Ag;CrO4) = zero 
the ionic equation for ionization and precipitation reactions must be balanced where : 


e The sum of positive and negative charges is the same in both sides. 
* The number of atoms of each element is the same in both sides. 


Write the ionic equation for the following precipitation reaction. 
(Solution) Hg(NO,),,,,) + Na,S,4q) —> 2NaNO, ag + HES... 


2+ 2- 
Witz, + 2NOS, $NA y+ Sy = INE + DO; Sag * HBS) 


Hg +S% ——-HgS, 


(aq) (s) 


EDEN | A A dee poll ys 
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and volumes, as we use enormous numbers, where the least mass from substance contains a huge 


" We can't deal with limited atoms, molecules or ions in chemical reactions due to their small masses Ww 
Y number of atoms, molecules or ions. 


E» how can we relate between the mass of substances and their numbers of components ? 
* To answer this question you should study "The Mole" concept. 


P * "Mole" is the unit of the quantity of matter in the International System of Units (SI) and it is 
defined by different ways according to : 


F The mole and mass of substance. 
** The mole and Avogadro's number. 
7X The mole and volume of gas. (It will be studied at the next lesson). 


» The mole and mass of substance 


e Any substance may be found in the form of atoms, molecules or formula units. 


ví The molar mass | Note 
It is the atomic mass, | The structural units of covalent | Molecule. 
A | molecular mass or compounds are known as 


mass of formula unit 
expressed in grams. 
Or, it is the mass of one 
mole of a substance. 


a 


molecules, while that of ionic 
compounds are known as 


G ^ 
SOAK 
x : Formula unit of ionic Molecules of covalent 
formula units, compound compound 


[1| If the substance is in the form of atoms (the building unit of substance is atom) 


* The mass of one atom is called atomic mass which is very small, it differs from one atom 
to another one which is estimated by atomic mass unit (amu) or u. 


Nm 7! 
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The atomic mass of an element is 

The atomic | The molar 
called molar mass of atoms which is The element mass mass 
expressed in grams (g). Hydrogen H 1 g/mol 
If the atomic mass of carbon (C) equals Carbon C 12 g/mol 


12 u, then one mole of carbon atom Nitrogen N 14 g/mol 


represents 12 g of it. 
So, the molar mass of carbon atoms 
= 12 g/mol 


Oxygen O 16 g/mol 
Sodium Na 23 g/mol 
Sulphur S 32 g/mol 


e The molar mass of different elements are different. 
=> Because they have different atomic masses. 


E If the substance is in the form of molecules (the building unit of substance is molecule) 


The mass of one molecule is the sum of the atomic masses of the atoms forming 
that molecule, 4 
EKB 
— 


Mo IS: 
The sum of the atomic masses of the atoms forming the molecule. 


e The mass of one mole of molecule is called molar mass of molecules, which is expressed 
in grams (g). 
SI 1 atomic 
* Carbon dioxide molecule has a molecular formula CO, OBSS unit 
= It consists of one carbon atom and two equals 1.66 x 
oxygen atoms. 10-4 gram. 
=> Its molecular mass = (1 x atomic mass of C) + (2 x atomic mass of O) 
=(1 x 12) + (2x16) = 12 +32 = 44u 
= Its molar mass (the mass of one mole) = 44 g/mol 


l Application 


Calculate the molar mass of anhydrous copper sulphate CuS04.5H,0 
[Cu = 63,5 ,$232,0-2 165H 7 I] 


A` 
CuSQ,.5H,0 
=a | \ ~ 
rs \ 

(63.5) + (32) + (4x16) + (5x2 x1) + (5x16) 


M 


63.5 + 32 + 64 + 249.5 g/mol 


Tie] ipaa ley a aay s dc dla d ual Jal 1 


NE 


The mass of a mole differs from one matter to 
another. [8:9 
= Due to the difference of matter in their 
molecular composition, therefore they 
differ in their molecular mass, as in 
the opposite table : 


* The mole of a diatomic molecule of an element contains 2 moles of atoms, as in 


the following table : 


The element 


The molar mass 


Copper Cu 


63.5 g/mol 


Anhydrous 
copper sulphate 
CuSO,.5H,0 


249.5 g/mol 


Element |Hydrogen| Nitrogen | Oxygen 


Fluorine | Chlorine 


Bromine | Iodine 


Molar mass 


of atom 1 g/mol | 14 g/mol | 16 g/mol | 19 g/mol |35.5 g/mol 


80 g/mol | 127 g/mol 


Molecule 


2 
of element 


co co 
Molar 


2x14=|2x 16= 
mass of 28 g/mol | 32 g/mol 
molecule - 


2x 127= 
254 g/mol 


* There are some elements have different molecular formulas depending on their 


physical state, 


the mass of one mole will differ from one state to the other 


Element 


Phosphorus 


Sulphur 


Physical state A Vapor state 


Solid state 
dah 


Vapor state 


Solid state 


hy Each molecule Monoratomic 
Building units consists 


of 4 atoms molecule 


Each molecule 
consists 
of 8 atoms 


Mono-atomic 
molecule 


P, P 
Molecular 
formula o 


i: 


Sg 


ey 


s 


Mass of one 
mole 


8x 32=256g 


36 | 
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® Give reasons: 


@ The difference between the molar mass of phosphorus from solid state to vapor state. 
Because of the difference between their molecular formula of the solid state and vapor 
state, according to the difference in the molecular mass. 

@ The molar mass of oxygen molecule differs from that of oxygen atom. 

Because one mole of oxgyen molecule contains two moles of oxygen atoms, at which 
the oxygen is a diatomic molecule. i 


E ifthe substance is in the form of ionic compound (the building unit of substance is formula unit) 
© The ionic compounds are found in the form of 


crystal lattice, as the ion is surrounded from all 
directions with the ions of an opposite charge. 


@ The ionic compounds can be expressed by 
the "Formula unit", which shows the ratio 
between the ions forming it. 


[Na 23 «C1 2355 » Ca= 40] 


Calcium chloride 
1Ca?* :2CI- 


Tonic compound Sodium chloride 
between Na” : Clr 


| 
| 

NaCI | CaCl, 
| 


23 + 35.5 = 58.5 g/mol 40 + (2 x 35.5) = 111 g/mol 


Calculate the molar mass for each of the following : 
(1) Ch (2) H,0 
(3) 9S0, (4) Na, CO3 
‘Solution, 
(1) The molar mass of Cl, = 2 x 35.5 =71 g/mol 
(2) The molar mass of H5O = (2 x 1) + 16 = 18 g/mol 
(3) The molar mass of H2SO4 = (2 x 1) + 32 + (4 x 16) = 98 g/mol 
(4) The molar mass of Na CO} = (2 x 23) + 12 + (3 x 16) = 106 g/mol 


In case we need to change the atomic mass, molecular mass or mass of formula unit into 
molar mass, we just change the unit from a.m.u (u) to g/mol without changing the value. 
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» The mole and Avogadro's number 


* Dozen is a word that describes a quantity equals 12. 

when we say a dozen of eggs, we mean 12 eggs or a dozen of balls, we mean 12 
balls,...etc. dozen contains a constant number (12) of anything. 

* Similarly, the word mole is also used to describe a constant number of (atoms, 
molecules, formula units or ions) of any substance, this number equals 6.02 x 10?? and it 
is called "Avogadro's number". 


Avogadro's number 
It is the number of atoms, molecules, formula units or ions which are found in one mole 
of substance and it equals 6.02 x 10” (atom, molecule or ion). 


an amount of a substance that cont Avogadro's number of particles (molecules, 
ions or formula units 


43x We can illustrate the previous through the following table : 


Chemical 
Substance PEDRHR Particles No. of particles in one mole 


Bu 6.02 x 1075 helium molecules 
Helium He Mono-atomic molecules 


6.02 x 108 helium atoms 


i " 6.02 x 10? oxygen molecules 
Oxygen O, Diatomic molecules 


2 x 6.02 x 1073 oxygen atoms 


6.02 x 10? water molecules 
H,0 Molecules 2 x 6.02 x 107 hydrogen atoms 


6.02 x 1073 oxygen atoms 


6.02 x 10? CaCl, formula units 


Formula units 6.02 x 103 calcium ions 


2 x 6.02 x 10? chloride ions 
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D) calculation the number of moles 
e We can calculate the number of moles by using 
the following relation : 
Mass of substance (g) 


Number of moles (mol) = 
Molar mass (mass of one mole) (g/mol) 


e We can calculate the number of molecules, atoms or ions in the substance by using 
the following relation : 

> molecules molecules 

|> atoms z atoms 

No.of | ,. formula units = "°: of moles of - | formula units 

—- ions ions 


x 6.02 x 192? 


Examples 


@ How many moles are present in 191 grams of copper ? [Cu = 63.5] 
‘Solution 
Atomic mass of copper = 63.5 amu 
The molar mass = 63.5 g/mol 
The no. of moles of copper = ze ®— = 3 mol 
$ The no. of moles of copper = 5s gmo] = 3 mol 


@ Calculate the number of moles of water found in 36 g of it. 


The molar mass of H5O = 16 + (1 x 2) = 18 g/mol 
* The number of moles of water = i$ =2 mol 
(3) Calculate the mass of 0.5 mole of sulphuric acid (H 504). [H= 1 .S=32,O= 16] 
‘Solution 
The molecular mass of H5SO, = (2 x 1) + 32 + (4 x 16) 298u 
e The molar mass = 98 g/mol 
The mass of 0.5 mole of H5SO, = no. of moles x molar mass 
=0.5 mol x 98 g/mol = 49 g 


© Calculate the number of molecules that are found in a sample of sulphur dioxide of 
mass 32 g. [S = 32, O = 16] 


The molar mass of SO, = 32 + (2 x 16) = 64 g/mol 


* The number of moles of SO, = 22 = 0.5 mol 


© The number of molecules of SO, = 0.5 x 6.02 x 102? = 3.01 x 1075 molecules 
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© Calculate the number of carbon atoms found in 50 g of calcium carbonate. 


[Ca=40 C 21230 716] 
* Molar mass of CaCO, = 40 + 12 + (3 x 16) = 100 g/mol 


* No. of moles of CaCO, = — P455 70.5 mol 


1 mol CaCO, — 6.02 x 1073 carbon atoms 
0.5 mol CaCO; ——* X carbon atoms 
* No. of carbon atoms (X) = 0.5 x 6.02 x 1073 = 3.01 x 107? atoms. 


© Calculate the number of sodium ions found in 0.212 mol of sodium carbonate 
Na,CO, 
Na,CO, —> 2Na* + COF- 
1 mol 2 mol 


0.212 mol ? mol 
~ No. of moles of Na* = 220212 = 0.424 mol 


^. No. of Na* ions = 0.424 x 6.02 x 107 = 2.55 x 10?? ions. 


@ Zinc reacts with vapor sulphur, according to the following reaction : 
8Znq + Sg; ——> SZNS ig) 
Calculate the mass of zinc sulphide ZnS, which is resulted from the reaction of 32 g 
of sulphur with an excess amount of zinc. [Zn 265.8232] 


produces, 
Sgig) 8ZnS,,) 
(8 x 32) = 256 g 8 x (65 + 32) 2 76 8 


32g 2g 
776 x 32 _ 
356 = 978 


«<. The mass of zinc sulphide = 
@ Iron (III) oxide reacts with aluminum, according to the following reaction : 
A 
2AMK + Fe,03¢.) ——> AbOss + 2Fey 
(A) Calculate the mass of Al,03, which is resulted from the reaction of 1.42 x 1074 
atoms of Al with an excess amount of Fe;0, 
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(B) What is the number of the formula units of Fe;O;, which is required for 
the reaction with 0.134 g of Al? [Al 2 27 »O= 16 » Fe = 56] 


(Solution) ài 
142x10 =2.359 mol 


A) No. of moles of Al atoms = 
5 6.02 x 1025 
-. Mass of Al = 27 x 2.359 = 63.69 g - 
produce 
AbOs 


2Als 
(2 x 27) + (3 x 16) = 102g 


2x27=54g 
63.69 g 
7. The mass of resulted Al,O, = 


?g 
102 x 63.69 _ 
n 1203g 
B) Al) react with | Fe,0x5) 
2x27=54g (2 x 56) + (3 x 16) = 160 g 


0.134 g ?g 


+. Mass of Fe,03 = nd =0.397 g 


«s. No. of moles of Fe 0} = gan =0. 
No. of formula units of Fe. = 6.02 x 103 x 0.0025 = 1.5 x 10?! formula unit. 


© Calculate the mass of one molecule of chlorine gas by the following units : 


(A) Atomic mass unit (u). (B) Gram (g). 


(A) Mass of one molecule of chlorine gas 2 2 x 35.5 2 71 u 


(B) *: One mole of Cl, contains 6.02 x 102? molecules 
©. Mass of 6.02 x 102? molecule of Cl, = Molar mass = 71 g/mol 


——H 214788 x 1022 g 


~ Mass of one molecule of Cl; = 
2°" 6.02 x 107 


[10] Calculate by using meter unit, the length of the line formed from arranging of 
carbon atoms together, which are present in a sample of 0.12 g. Knowing that 


the radius of carbon atom is 0.7 nm. 


Qi pA | (oh std dues aun VAY 
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No. of moles of carbon atoms = O42 =0.01 mol 


No. of C atoms = 0.01 x 6.02 x 107? = 6.02 x 10?! atom 
Diameter of carbon atom = 0.7 x 10? =7 x 10719 m 
Length of the line = No. of C atoms x diameter of C atom 
27x 107! x 6.02 x 10?! 
24214 x 10? m 


{x All the previous calculations can be summarized as the following : 


Molar mass Avogadro's no. 
(602 x 10”) 


Mass of substance Number of (atoms, 
molecules, formula units 
or ions) 
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The Limiting Reactant 
of the Chemical Reaction 


e Every chemical reaction needs accurately calculated amounts of reactants to obtain { 
the required amounts of products. 


e If the amount of one of the reactants increases than required, this extra amount remains ) À 
as it is, without participation in the reaction. 


e The other reactant is completely consumed and determines the quantities of products ve 
formed and it is called "The limiting reactant". ‘ 


S C o 


The reactant which is completely consumed during the chemical reaction and reacts 
with other reactants to produce the lowest number of moles of the product. 


Reaction between methane gas and water vapor to produce water gas fuel (H, / CO). 


The limiting reactant 


Co 
o D eo © 
Qo 
CH() * HO.) —- 3H * CO(g 
9) From the previous reaction : V 
=> | mol of CH, reacted with 1 mol of H,O 
What happens if 6 mol of CH, is added to 9 mol of H5O ? A 
= 6 mol of CH, will react with 6 mol of H5O and 3 mol of H5O are remaining without any Ê: 
reaction, therefore CH, is the limiting reactant. 
V8 e 


dS diga iue Agli Cena Yy ied ly Bald äga ua aal um 
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6 mol CH, + 9 mol H,O 18 mol H, + 6 mol CO + 


(3 mol H,O without reaction) 


@ In the following reaction : 


Pay + 505) — P4010 
If 0.4 mol of O, gas is passed through 0.008 mol of P4 what is the limiting reactant ? 


50x — — P4108) Pac) P4105) 
5 mol 1 mol 1 mol 1 mol * 
0.4 mol ? mol 0.008 mol ? mol 


Number of moles of P4O,o produced ` Number of moles of P4O, produced 
a osx 1 - 0,08 mol = 0,008 x 1 20.008 mol 


The number of moles of P4O,o produced according to the quantity of P4 is lower than 
that produced from O, 


^. P4 is the limiting reactant. 
@ Magnesium reacted with oxygen gas as the following equation : 
2Mg, + Org) “AL 2Mg0,,) (Mg = 24 .O 16] 


What is the limiting reactant ? What is the mass of remaining reactants in each case of 
the following : 


A 16 g of O, added to 48 g of Mg | B. 32g of O, added to 12 g of Mg 
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A 
No. of moles of O, = 4g =0.5 mol No. of moles of Mg = g =2 mol 
Oxp — —- MeO% 2Mg, — MgO) 
1 mol 2 mol ` 2mo 2 mol 
0.5 mol ? mol 2 mol ? mol 


2x05 2x2 


No. of moles of MgO = =| mol No. of moles of MgO = =2 mol 


The number of moles of MgO which is produced, according to the quantity of O, is lower 
than that produced from Mg 
~. The limiting reactant is O5 
To calculate the remaining mass of Mg : 
reacts 

2M) with 

(2x24)248g Qx16232g 
?g 16g 

The reacted mass of Mg = 16x485 24g 


Oxg) 


The remaining mass of Mg = 48 - 24 = 24 g 
B 
212 ig 
The no. of moles of Mg = 24^ 0.5 mol The no. of moles of O, = 37 =! mol 
VOR ae usn Oy — 81340) 


2 mol 2 mol 1 mol 2 mol 


0.5 mol ? mol 1 mol ? mol 


No. of moles of MgO = 2x05 =0.5 mol No. of moles of MgO = 2 x 1 = 2 mol 
The number of moles of MgO which is produced, according to the quantity of Mg is lower 
than that produced from O, 
~<. The limiting reactant is Mg 
To calculate the remaining mass of O; : 
reacts. 
IM 
with 
48g 32g 
12g ?g 
The reacted mass of O, = 12x32 =8g 


2M8) Org) 


The remaining mass of O, = 32-8 =24 g 
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» The mole and volume of gases 
* The solid or liquid matter has a definite and constant volume. It can be measured 
by various methods. On the other hand, the volume of gases changes according to 
the volume of the container. 


m 
ij 
Avogadro's Law E 
Gas volume is directly proportional to the number of its moles when the temperature 
and pressure are constant. 


Avogadro's postulate 

Equal volumes of different gases contain an equal 
number of molecules, at the same standard temperature 
and pressure (STP). 


equals 0°C and pressure = 760 mm.Hg which equals the normal atmospheric pressure 

(I atm pressure). 
Molar vo 

The volume of one mole of any ga: 4 Lat STP 


The following table illustrates the relation among number of the gas moles, its volume and the 
number of its molecules, at STP : 


. : rye 
Gas: u xb | L 
He 


Molar mass: 4 g/mol 28 g/mol 17 g/mol 


No. of moles: 1 mol 


Gas volume: 224L 


No. of 


23 
molecules: 6.02 x 10% molecules 
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E This means that 


* One mole from any gas at STP occupies 
a volume of 22.4 L 
One mole from any gas contains 
6.02 x 10% molecules. 
e If the number of moles is doubled, 
the volume doubled and the number 
of molecules also doubled. 


| Example | 
Reaction of hydrogen gas with chlorine gas to give hydrogen chloride gas. 
Hy) + Clog) — 2HCl 
1 : 1 


Ej 2j - [ojo] 


1.volume of Hz 1 volume of Cly 2 volumes of HCI 
224L 224L 4ASL 
6.02 x 10? molecule 6.02x 10" molecule 2x 6.02 x 10? molecule 


* One volume of H, gas reacts with one volume of Cl, to give 2 volumes of HCI gas. 
s If 2 volumes of H gas reacted with one volume of Cl, gas, 2 volumes of HCI are formed 
and one volume of H» gas is remaining. 
aag - fojo) 
2yolumes of Hy  lvolumeofCl; — 2volumesof HCI 
448L 224L 448L 


* We can calculate the volume of any gas at STP as follows : 


Volume of gas (at STP) = no. of moles x 224L 


Q Calculate the volume of 8 g of oxygen gas at STP. 


Molar mass of O, gas = 16 + 16 = 32 g/mol 
No. of moles = —™S5___ 8. = 0.25 mol 
molar mass 32 


Volume of O, gas = no. of moles x 224 = 0.25 x 22.4=5.6L 
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@ Calculate the volume of oxygen needed to produce 90 g of water by reacting with 
an excess amount of hydrogen at STP. {O=16,H=1] 


Write the balanced chemical equation : 
2Hyg) + Ox)  —* 2H30( 
1 mol 2 mol 
1x224L 2(2x 1+ 16)=2x 18=36g 
?L 90g 


~<. Volume of oxygen = ES x vial D =56L 


© Calculate the mass of CaCO, required to produce 5.1 L of CO; gas at STP. 
According to the following equation : 
CaCO 4.5) + ZHCI gq) —e CaCl qq) + CO! + HO) 
[CaCO, = 100 g/mol » CO, =44 g/mol] 
‘Solition| 

CaCO x¢¢) + 2HCla — CaCl) + COzp f + Hy 

1 mol 1 mol 

100 g 224L 


?g SAL 


Mass of CaCO, = ote =22.76¢ 


We can illustrate the previous expressions through the following table : 


1 mol + 3 mol — 2 mol 


1 x (2 x 14) 3x 2x 1) —- 2x[14 (3 x D] 
28 g (N) + 6 (H5) —* 34 g (NH) 


1 x 6.02 x 103 (N,) + 3 x 6.02 x 10? (H,) — 2 x 602 x 10? (NH) 


molecules molecules molecules 


1 x 224 L (N, gas) + 3 x 224 L (H, gas) —* 2 x 224 L (NH; gas) 
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Chapter (4) Lesson Three 


® From the previous; we can conclude that : 


Mass : 


- Molar mass of atom or ion expressed in grams. 
T d - Molar mass of molecule or formula unit expressed in grams. 


Number of particles (Avogadro's number) : 
6.02 x 10? of molecules, atoms, ions or formula units. 


po . |] Volume: 
224 L of gas at STP 
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Calculation of the Chemical Formula 


® The chemical compound is made up of units called molecules or formula units which 
consist of atoms or ions of two or more elements. 


® The chemical compound is represented by a chemical formula which is a simple 
symbolic formula that indicates : 


e The elements percentage. 
e The number of atoms or ions of each element. 


The chemical Building 
ound units 


Each unit 


Each molecule consists of one 
Covalent | Molecules 

atom of O and two atoms of H 
Each formula unit consists of 
one calcium ion (Ca?*) and two 


bromide ions (Br). 


Formula 
unit 


[ Types of chemical formulas | 


(The empirical formula | {The molecular formula } (The structural formula] 


E the empirical formula 
The empirical formula 


It is a symbolic chemical formula which represents the simplest whole number ratio of 
the atoms of elements in a compound. 
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* HO is the empirical formula for H5O5 


* P,O; is the empirical formula for P4040 


* CHO is the empirical formula for CH,O » CHO» » CoH 20%, 


(Note ) 
The empirical formula doesn't represent the actual composition of the molecule or 
the formula unit. 


The molecular formula 
The molecular formula 


It is a symbolic chemical formula which represents the type and the real number of 
atoms or ions in a molecule or the formula unit of a compound. 


The compound Empirical formula Molecular formula 
C.H, 


Propylene CH, 


Acetic acid CH,O C,H,O, 


Formaldehyde CH,O CH,O 


Notes | — 


@ In most cases the molecular formula is a multiple of the empirical formula. 


@ Tn some cases the empirical and molecular formulas are identical such as : carbon 
dioxide CO», nitric oxide NO and formaldehyde CHO 


@ In some cases many compounds may have the same empirical formula such as : 
acetylene C,H, and benzene CH, have the same empirical formula (CH). 


I Calculating the percentage of the components of a compound 


We use the expression of "the mass percentage" to calculate the ratio of each component 
in a certain compound. 


The mass percentage : 
The number of units from the particle for each 100 units from the overall. 
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[1] Calculating the percentage of an element from a chemical formula E 
The following equation shows how the percentage of an element in a compound is 
calculated. 


The mass of element in one mole of compound 


% of el t= 
green Molar mass of compound 


Examples 


Q Calculate the mass percentages of N, H and O in ammonium nitrate NH4NO4 


Solution: [Hz1*N214502 16] 


x 100% 


NH4NO; po 4H + 30 
[14+ (4 x 1) + 144+ x 16)]g (2x 14)g (4x Dg (3 x 16)g 
80g 28g 4g 48g 
-.28 e E in 
% ofN=Z> x 100% = 35% WolH=s—x 100% = 5% 


% of O = 3 x 100% = 60% 


* The sum of the percentages of elements in a compound must be 100% 
% of N+ 96 of H + % of O = 100% 
35% + 5% + 60% = 100% 
@ Calculate the mass percentages of Fe and O in iron (III) oxide. [Fe =56 »O= 16] 


Molar mass of FeO; = (2 x 56) + (3 x 16) = 160 g 


$t of Fe = 256 x 100% = 70% % ot O=2%16 y 100% = 30% 


160 
Note | 


We can calculate the mass of an element in one mole of the compound as follows : 


It's percentage x Molar 
mass of the compound 


t i ES 
Mass of an element in one mole of the compound 100% 


© Calculate mass of iron present in 500 kg of an impure sample of hematite ore 
Fe50;, knowing that mass percentage of iron in that sample is 58 % 


Mass of element in the sample = Mass percentage x Mass of sample 


58 % x 500 Mie 
x 
ces - Oke 


Q Calculate the number of moles of carbon and hydrogen atoms in a hydrocarbon 
compound containing 85.7146 of carbon and its molar mass is 28 g/mol. 
[C2 12H» I] 
52 | 
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e Hydrocarbon means that compound is containing only C and H 


~<. % of H = 100 — 85.71% = 14.29% 
85.71% x 28 


=24 
100% x 
~. The number of moles of C atoms = =2 mol 
14.29% x 28 ^ 
100% —— 
7. The number of moles of H atoms = 7 =4 mol 


Mass of C in one mole of a compound = 


Mass of H in one mole of a compound = g 


[2] Calculating the percentage of an element from the practical results : ] 
The percentage of an element can be calculated from the experimental results as follows : 


Mass of element in the sample 
f p Re a aaiae E — ny 
% of element =- Total mass of the sample x 100% 


A sample of 14.2 g mercury (II) oxide is chemically decomposed into 13.2 g of mercury. 
What is the percentages of Hg and O in this compound 2 


G of Hg = SSF He y o0% = 13:2. x 100% = 93% 
mass of the sample 14.2 


% of Hg + % of O = 100% % of O = 100% — 9396 = 7% 


J| calculating the empirical and molecular formulas from the percentages of elements 


Chemical analysis has proven that acetic acid is formed from 40% of C, 6.67% of 
H and 53.33% of O and its molar mass is 60 g/mol. What are the empirical and 
molecular formulas of this acid ? [H215C2 12.0216 


40% of C, 6.67% of H and 53.33% of O indicate that each 100 g from the compound 
contain 40 g of carbon, 6.67 g of hydrogen and 53.33 g of oxygen. 


Solution of the example 
H o 


| Steps 


Q Calculate the no. of moles for each element: 6.67 53.33 
Mass of element m i 6.67 |——2333 


No.of moles = ——— — — — — — — 16 
Atomic mass of element 
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@ Calculate the mole ratio for each element: 
No. of moles of element 


Mole ratio  — — — — — — — — 
The smallest no. of moles 


@ You can calculate the empirical formula The empirical formula is CH,O 
Q Calculate the no. of units of the empirical | Molar mass of the empirical formula 


Molar mass of the compound |=C+2H +0 = 124 2x 1) + 162 30g 
Mass of the empirical formula No. of units of the empirical formula (n) 


formula = 


280. 
= D2 


@ Calculate the molecular formula: 


The molecular formula = Empirical formula 
x No. of units of the empirical formula (n). 
You can summarize the previous steps in the following : 


The molecular formula = (CH,O) x 2 
=C,H;0, 


Atomic mass of "The MAILAA DT OF moles. No. of units of empirical 
the element formula. 


Mass of each element f No. of moles of each 


in the compound. elt. | Empire formula. . Molecular formula. 


Q Calculate the molecular formula for water which contains 11,19% H 
and 88.81% O, knowing that its molar mass is 18 g/mol. [H=! ,O=16] 
Solution. 
Each 100 g from the compound contains 11.19 g of H and 88.81 g of O 


Elements 


No. of moles = 


Mole ratio — 


^. The empirical formula 
-. Molar mass of empirical formula 2x1416218 g/mol 


^. No. of units of empirical formula 48 zl 


~<. The molecular formula of water H,O 


FER 3 gs ley EE ET 


Chapter (2) 


@ Calculate the molecular formula for a compound containing 25.9% of N and 
74.1% of O, knowing that its molar mass equals 108 g/mol. [N=14, O- 16] 


Each 100 g from the compound contains 25.9 g of N and 74.1 g of O 


Element 


No. of moles = 


Mole ratio = 


Multiply by 2 to obtain whole numbers. 


+. The empirical formula N50; 


«<. Molar mass of empirical formula (2 x 14) + (5 x 16) = 108 g/mol 
^. No. of units of empirical formula — nz E zl 


7. The molecular formula is N205 
® Give reasons: 
@ The molecular formula and the empirical formula for each of carbon monoxide 
CO and nitric oxide NO are the same. 
Because the molar mass of the empirical formula equals the molar mass of 
the molecular formula, 
e In most cases the empirical formula can't represent the chemical structure of 
a compound. 
Because the empirical formula doesn’t represent the actual number of atoms, ions or 
formula units which form the molecule of the compound. 
e Both of actylene C,H, and benzene CH have the same empirical formula CH, 
but they differ in the molecular formula. 
They have the same empirical formula because they have the same ratio of elements 
forming both of them (1 : 1). 
But, they differ in the molecular formula because of the difference in their molecular 
mass and also number of units of the empirical formula. 


» Theoretical yield, practical yield and percentage of yield 
The theoretical yield of the reaction 

It is the calculated quantity of product expected from given quantities of reactants. 
The practical yield of the reaction 

It is the quantity of product that is actually produced from the chemical reaction. 
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* In most reactions the practical yield is less than the theoretical yield and 
the percentage of yield is less than 100% 
e Reasons of reducing in yield : 
Q Some of product may clink-on (stick) to the walls of the reactions cylinder. 
@ The reactants are not pure enough. 
@ The participation of the reactants in other reactions which are called side reactions. 
O The product is volatile (easily evaporated). 


Methyl alcohol is produced through the following reaction : 
A 
CO(g + 2Ho Ae CH3OH, 


If 6.1 g of methyl alcohol is produced from the reaction of 1.2 g of H. |, with an excess 
amount of carbon monoxide. Calculate the percentage of yield. [C= 12 0 - 16«H 1] 


Solution. CO, * 2H») —- CH30H(, 


2 mol 1 mol 
2Qx1)24g 12 (4 x 1) + 16 2 32 


12x32 
4 

Percentage of yield = E x 100% = 63.54% 

| Example 2 | 
Calculate the percentage of yield for a reaction between 20 g 
of sodium chloride solution with an excess amount of silver 
nitrate, if 45 g of AgCI is precipitated from this reaction. 


[Na = 23 »Cl 2 35.5 , Ag = 108] 


NaClay  AgNOsq ——e NaNOgag) + AgClt 
(23 +35.5)g (108 + 35.5) g 
585g 


20g 
Theoretical yield = aes = 49.06 g 


^ 45 
f yield = = 91.72% 
Percentage of yiel 4906 x 10096 


Theoretical yield = 
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Chemistry 


Explain what is meant by solution and distinguish between the types of solutions by practical experiments. 
Describe the solubility process. the factors affecting it and the heat changes accomplished with it. 
Show the concentration of solutions using different methods. 

Calculate the concentration of the solution using one of the concentration units. 

Identify the general properties of solutions "solid in a liquid". 

Represent the graphical relationship between concentration of the solution, the vapor pressure, 

the change in its boiling and freezing point. 

Compare between the colloid solutions and the real solutions in terms of the size of their compositions. 
Prepare some simple colloids and show their importance in our everyday life. 

Explain what is meant by an acid and a base and their classifications. 

Compare between the different theories to define the acid and the base. 

Distinguish between acids and bases using indicators and the pH-meter. 

Understand how salts form, their naming and the pH values of their solutions. 


WWW:zakrooly. 


Mixtures and Concentration 


of Solutions 


- Mixture means the thing which contains two or more different substances in any ratio 
such as seawater, granite and gasoline. 
- The mixtures can be classified according to their homogeneity into two types : 


[Types of Mixtures 2 


[o 


Solutions 


Solutions 


| Heterogeneous | 


— 
Colloids 
*x The table shows the difference between these types : 


—- aw 
Suspensions 


Colloids 


Suspensions 


Their components can’t be 
distinguished by the naked eye or 
the electron microscope. 


[Examples | 
v - Table salt solution in water. 
- Cane- sugar solution in water. 
» - Cobalt (II) chloride solution in water. 
9 
* 
A sl 
I d | 


iv, | 


Cobalt (11) Je CoC; solution 


Their components can 
be distinguished by the 


electron microscope only. 


[Examples] 

- Aerosols. 

- Hair gel. 

- Mayonnaise emulsion. 
- Blood. 

- Milk. 


Their components can 
be distinguished by 
the naked eye. 
[Examples | 
- Table salt in kerosene. 
- Cane- sugar in kerosene. 
- Cobalt (II) chloride in 
kerosene. 


- Oil in water. 
¢ 
m 
- oil 
EE Water 
- 
Water - oil suspension 


Chapter [O0] Lesson One 


D Solutions 


* If you add a small quantity of a substance (as sugar) to a large amount of another substance 
(as water) and disappears in it. 
Therefore: 


e Sugar is a solute. e Water is a solvent, The produced mixture is a solution, 


Solute Solvent Solution 


The minor component The major component It is a homogeneous 

that has the lesser ratio that has the larger ratio mixture of two or 

in the solution. ©) in the solution. more substances. 
which are chemically 
unreacted. 


Solute Solvent —- Solution 


® Give reason: 


The sweet taste of the sugar solution in water is the same in all of its parts. 


Because of the homogeneity of the sugar solution, as each part of the solution contains 
the same amount (concentration) of sugar. 
* Solutions are necessary in the biological processes that occur inside the living organisms. 


Types of Solutions 


» Solutions can be classified according to : 


1. The physical state of the solvent. 2. The ability to conduct electricity. 
3. The degree of saturation. 
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[1| According to the physical state of the solvent 


(. The solutions are divided into | 


* v Y 
[A] Gaseous solutions. [B] Liquid solutions. [c] Solid solutions. 
F The following table shows some examples of these different types. 


Types of solution Solute | Solvent Examples 


[A] Gaseous solutions | Gas Gas Atmospheric air - natural gas. 
Gas Liquid Soft drinks - oxygen dissolved in water. 


"S T m ri Alcohol in water - ethylene glycol 
[B] Liquid solutions | Liquid | Liquid B stitreeze) in waten. 


Solid | Liquid Sugar or salt in water. 
Gas Solid Hydrogen gas on palladium or pl; 
Liquid mercury dissolved in solid silver 


(silver amalgam) Hg, p^ Bs) 


Solid Solid Alloys such as nickel-chrome alloy. 


Scientific background knowledge 


- Electronegativity : it is the ability of an atom to attract the electrons of the bond to itself. 
- Polar bond : it is the covalent bond between two 

atoms which are different in electronegativity. 

[The higher electronegative atom carries . uf z 

a partial negative charge (5°), while the other 

atom carries a partial positive charge (5*)] 
- Polar molecules : they are the molecules that 

have an end carring a partial positive charge (8*) 

and another end carrying a partial negative charge (8°). ‘CQ: 
- Polar compound : it is the compound which has a polar covalent 

bond. Polar HCI molecule 
- The degree of polarity depends on : 8 


* Difference in electronegativity between the bonded atoms. 
* Geometry of the molecule. * Bond angles. at) gt 


[©] Solid solutions Liquid | Solid 


Water is considered as a famous polar solvent. PS DLE ^ 
This polarity attributed to the following : 1045 

- The presence of two polar bonds. 
(Because the electronegativity of oxygen is higher than that of hydrogen). 

- The structure of water molecule as shown in figure. 

= Large bond angle = 104.5? 


Water H30 polar molecule 
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Chapter @® Lesson One 


Ba According to the ability to conduct electricity 


Solutions of substances are divided into two types according to the ability to conduct electricity. 


Solutions are divided into | 


RUN TE = 
(Al Solutions of electrolytes J 


* Solutions of substanci ionized 


they conduct A CEN 
e.g: table salt soultion. 


[ A Electrolytes 
Electrolytes 


ions movement. 


M 


[B[ Sol B [Solutions of F non-electrolytes J ^ 
of substances that aren't ionized 
jated, when dissolving in water. 


These solutions don’t contain free ions. 
So, they don't conduct electricity. 
e.g: sugar solution. 


They are substances in which their solutions or moltens can conduct electricity by the free 


I Electrolytes are divided into : 


= £- 
iz -| Strong electrolytes | ji 


Conduct electricity to a great extent 


They are substances which are completely 
ionized and strongly conduct electricity. 


oe li 


Conduct electricity to a weak extent 
Weak electrolytes 


"They are substances which are partially 
ionized and weakly conduct electricity. 


eg: 

1. Ionic compounds like : Sodium chloride 
NaCl and sodium hydroxide NaOH. 
which are completely dissociated into 
ions when they dissolve in water. 

2. Polar covalent compounds like : 
Hydrogen chloride HCl. which is completely 
ionized when it dissolves in water. 


eg: 

1. Ionic compounds like : Ammonium 
hydroxide NH4OH, which is partially 
dissociated into ions when it dissolves in 
water. 

| 2. Polar covalent compounds like : 

Acetic acid CHYCOOH, which is partially 

ionized when it dissolves in water. 
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CHCOOH (ag + H20) — 
CH3COO{q) + HzO (aq) 


E A 
Hydrochloric acid is completely ionized Acetic acid is partially ionized 


P Compare between HClig) gas and HChaq) aqueous solution "according to conducting 
electricity". 
HCl, is a bad conductor of electricity, because gases generally are non-conductors. 
HCl(aqy is a good conductor of electricity, because it is a strong electrolyte. 


&? Give reason: 
* Free protons H* ions can't exist as free ions in aqueous solutions of acids. 
* Dissolution of HCl, in water can be expressed in this chemical equation : 


+ be 
H50(y HCl() H30{aq) Chag) 


@-e-@-e¢ 


Due to bonding of H* ions with the water molecules to form hydronium ion H3O%aq) 
H20) + Hog — HO faq) 


They are the substances in which their solutions or moltens 
can’t conduct electricity, as they have no free ions or hydrated 
ions. 


* Ethyl alcohol. Sugar solution, 


&? Give reason: 
Ethyl alcohol is one of the non-electrolytes. 
Because it is non-ionized and doesn't conduct electricity. 
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Chapter (1) Lesson One 


E According to the degree of saturation : 


[ Solutions are i | 
f -— M em E 
[A] Unsaturated [B] Saturated [C] Supersaturated 


solution solution solution 


A. Unsaturated solution 


It is the solution which contains less amount of 
solute and can accept more amount of solute at 
a certain temperature. 


B. Saturated sol 


amount of the solute at a certain temperature. 
E ES Formation of saturated solution 


* The saturated solution can be obtained from the unsaturated solution by adding. 
an excess amount of solute at a certain temperature. 


C. Su ed soluti: 


It is the solution that accepts more amount of solute substance after reaching the state of 
saturation. 


* The supersaturated solution can be obtained by heating the saturated solution and adding 
more of the solute to it. 


® How can you prepare a saturated solution from a supersaturated solution by two 
methods ? 


a. Cooling : cool the supersaturated solution and leave it for a short time, 
the excess solute will be separated (precipitate) from the solution. 


b. Crystallization : put small crystals from the solute in the supersaturated solution and 
leave it for a short time, the solute molecules will be precipitated as 
crystals on the surface of seeding crystals. 


Formation of crystals from supersaturated solution 
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It is the process that occurs when the solute decomposes or dissociates into negative and positive 
ions or into separated polar molecules. Each of them binds to the molecules of the solve: 


The mechanism of dissolving process 28 


Although water molecules seem static in the beaker, 

but they are really in a continuous motion, specially 

the surface molecules (due to their kinetic energy). 
Dissolving ionic compounds and polar compounds in 
a polar solvent. a rei 
It’s easy to dissolve : a continuous motion 
Ionic compound (as sodium chloride), | in polar solvents 


* Polar covalent compound (as hydrogen chloride gas). (as water) 


Example 


Dissolving of sodium chloride in water : 


Dissolving process of NaCI in water 


© The polar water molecules collide with the crystals of NaCl by their kinetic energy. 


@ Water molecules attract Na* and CI" ions by directing the suitable pole towards them to be 
separated from NaCl crystal. 

© Water molecules which surround the ions isolate positive ions from negative ions and 
prevent their binding again. 


K The speed of the dissolving process depends on : 
1. Surface area of the solute. 
2. The stirring process. 
3. Temperature. 
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Solubility 


Degree of solubili! 


e It is the ability of the solute to dissolve It is the amount of solute in grams, which 
in a certain solvent. dissolves in 100 g of solvent to form 
to a saturated solution at standard 


* Ie is the ability of the solvent temperature and pressure (STP). 
dissolve a certain solute. 


Factors affecting the Solubility 


1. The nature of solute and solvent. 2. The temperature. 


u The nature of solvent and solute - 
"Like dissolves like" is a well known statement which controls the solubility process, this 
statement can be explained as follows : 


(organic solvent) 


d. Em 


ichloride 


Y 
Dissolves Dissolves Dissolves 
| 


~aNliak ' 


lonic compounds Polar compounds Non-polar Non-polar 


Sodium chloride NaCl Hydrogen chloride HCI compounds material 
Sodium hydroxide NaOH Ammonia NH3 Methane, Iodine. 
Nickel nitrate Ni(NO3), oil, fats, 


CILS Solubility of some substances in polar 


and non-polar solvents : 


The opposite figure shows three tubes, z - j 
each one contains a heterogeneous mixture Water z 
of water and methane dichloride : - 
a) Q (3) 


* Inthe tube no.l the methane dichloride Methane 


doesn’t dissolve in water. —_ 


(5:09 | (eS pot | 6S 
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=> Because water is a polar solvent, while the methane dichloride is a non-polar substance, 


In which the non-polar substances don't dissolve in polar solvents. 


* Inthe tube no.2 by adding the iodine solution to that heterogeneous 


mixture, it dissolves in methane dichloride, but doesn't dissolve in water. 


=> Because the iodine solution is a non-polar substance and methane dichloride also is 


a non-polar solvent, but water is a polar solvent. In which the non-polar substances don't 


dissolve in the polar solvents, but dissolve in the non-polar solvents, 


* Inthe tube no.3 by adding green nickel nitrate to that heterogeneous mixture, 
it dissolves in water and doesn't dissolve in methane dichloride. 


=> Because nickel nitrate is a polar substance and water is a polar solvent, while 
methane dichloride is a non-polar solvent. In which the ionic substances dissolve in 
the polar solvents, but don't dissolve in the non-polar solvents. 


2 Give reasons: 
@ Oil is insoluble in water. 
Because water is a polar solvent and oil is a non-polar compound. So, oil doesn't dissolve 
in water. 
Oil is soluble in benzene. 
Because oil (non-polar substance) is dispersed between molecules of benzene 
(non-polar solvent) due to the weak bonds between the benzene molecules. 
© Sugar is soluble in water, although sugar is a non-polar substance. 
Because the water molecules make hydrogen bonds with the sugar molecules (polar 


hydroxyl groups) as shown in figure. 


Water molecule 


Hydrogen 


Glucose molecule 


Dissolving of glucose in water 
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Chapter @® Lesson One 


Ba Effect of temperature on solubility 


E 


Observe the opposite diagram which 
shows the solubility of several salts as 
a function of temperature. 


9) There are three cases : 


(g solute/100 g H30) 
sSassBe2288 


Ell The solubility of most ionic substances 
increases greatly by increasing 10 20 30 40 50 60 70 80 90 100 
the temperature, such as NaNO, , KNO; , Temperature (°C) 

KCI and KCIO, Mane mete 


es 


i.e.) The solubility degree of potassium nitrate (KNO) is 20 g/100 g H5O(, at 10°C. 
On raising the temperature to 50°C, the solubility increases and becomes 90 g/100 g 
10 
El The solubility of some ionic substances increases slightly by increasing 
the temperature, such as NaCl 


The solubility of some ionic substances decreases by increasing the temperature, such 
as Ce,(SO,); 


Example 


Study the diagram, then answer the following questions : 

© Which substance that its solubility increases 
with decreasing the temperature ? 

@ What is the difference in mass of KNO; which 
is dissolved in a saturated solution of it, when 
heated from 40°C to 70°C ? 

© Calculate the required mass of KCI for 
dissolving in 200 g of water to form a saturated 
solution at 80°C. 


Solubility degree (g solute / 100 HO) 


© Calculate the mass of the precipitated 
KCIO, after cooling a saturated solution 


of it, from 50°C to 30°C. 10 20 30 40 50 60 70 80 90100 


"Temperature (*C) 


ye 
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o Ce,(SO,)3, its solubility increases with decreasing temperature. 
@ The difference in mass of potassium nitrate = 140 — 70 = 70 g 
@ 50 g KCI— 100g H,0 to form a saturated solution. 


X g KCI ——> 200 g H50 to form a saturated solution. 


X= so zie = 100 g to form a saturated solution. 


© Mass of the precipitated KCIO3 =20— 10 = 10g 


9) Properties of solution : 


* The particles of solution can't be distinguished 
by the naked eye or by the electron microscope. 


* The diameter of its particles (ions or molecules) 
is less than 1 nm. 


© The particles forming the solution are regularly 
distributed. So, the solution is homogeneous in 
its composition and properties, 


* The particles don't scatter the beam of light 
passing through the solution. 


Concentration of solutions 


The ratio of the amount of the solute to that of the solvent affects the concentration of 
solution to be diluted or concentrated, 


Concentrated solution Diluted solution 
The solution in which the amount of The solution in which the amount of 
the solute is large (not larger than the solute is small in proportion to 
the solvent). the amount of the solvent. 


e In this section we will describe several methods for expressing the concentration 


which are : 
Y + 7 
o Percentage B Molarity [3| Molality 
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Chapter [O7 Lesson One 


1| Percentage 
This method is suitable to express concentration for food and medicines. 


[^ Mass percentage (m/m) [5] Volume percentage (v/v) 


Mass percentage Volume percentage 
It is the percentage of the mass of solute It is the percentage of the volume of ` 
in 100 g of solution. solute in 100 mL of solution. 


Solute mass (g) E s Solute volume (mL) 
Solution mass (g) * 100%, Volume percentage = sion volume (mL) 


Solution mass = Solute mass + Solvent mass | Solution volume = Solute volume 
|. Et i + Solvent volume 


Mass percentage = x 100% 


Preparation of an aqueous solution of Preparation of an equeous solution of 
sucrose 10% (m/m). ethanol 25% (v/v). 


a) 
Add 10g ^ 
of sucrose 


10g 


-. Mass percentage 710g x 100% = 10% ~. Volume percentage = mE 


25 
100 mL 


& Give reason: 
Some solutions are prepared on a volume percentage. 
Because liquid volumes are so easily to be measured. 


£P What is meant by ... ? 
(1) The mass percentage of a solution is 25% 
It means that the mass of the solute in 100 g of the solution equals 25 g. 
(2) The volume percentage of a solution is 20% 


It means that the volume of the solute in 100 mL of the solution equals 20 mL. 


The stickers placed on medicines and nutritional substances must show the units that 
express the solute percentage, due to the presence of many types of percentage. 
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Examples 


@ An ethanol-water solution is prepared by dissolving 10 mL of ethanol (d = 0.789 
g/mL) in a sufficient volume of water to produce 100 mL of solution with a density of 
0.982 g/mL. What is the concentration of ethanol in this solution expressed as : 


(a) Volume percentage. (b) Mass percentage. 


ethanol volume 
(a) Volume percentage of ethanol = — — — 


solution volume * 100% 


10 mL 
7300 300m. * 100% = 10% 


(b) Mass percentage (m/m) 
Mass of ethanol = volume of ethanol x its density 
= 10 mE x 0.789 i = 2789g 


Mass of solution = volume of Ris x its density 


= 100 mE x 0.982 d 29828 


ethanol mass 


Mass percentage of ethanol = "solufion mas * 100% 


_ 1.89 
982 * 100% = 8.0396 
@ Calculate the mass percentage of the solution of 15 g of KCl in 100 g of water. 


ass of solute 15 
(m/m)9e = er solution * 100% = 756 x 100% = 13.04% 


El molarity m) 


Molarit 
It is the number of moles of solute dissolved in one litre of soluti 


Number of moles of solute (mol) — 
Volume of solution (L) of cene 


Molarity (M) = 


Vol 
n = Mass of solute (g) 'of solution 


Molar mass (g/mol) 
The unit of molarity is (mol/L) or Molar (M). 
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Chapter (1) Lesson One 


© Calculate the molarity for 85.5 g cane-sugar C45H5,0,, in a certain amount of 


water to form 0.5 L of solution. [Cz 12,H 21,04 16] 


Molar mass of the cane-sugar = (12 x 12) + (22 x 1) + (11 x 16) = 342 g/mol 


mass — 855g 


olarmass "gag 7025 mol 


Number of moles of sugar = 


number of moles of solute (mol) _ 0.25 mol 
volume of solution (L) " SH 


Molarity = =0.5 mol/L 


@ write steps of preparing an aqueous solution of sodium carbonate Na,CO,, its 
volume 200 mL and its concentration is 0.2 M. — [Na = 23 ,C = 12,0 = 16] 


(1) Put 4.24 g of Na,CO, in a flask. 
(2) Add 50 mL water to the flask. 


To calculate mass of 0.2 M of NajCO; 


3 E Molar mass of Na,CO, = 
(3) Complete the solution by adding water 


il 200 mL. 2x23 + 12+ 16 x 3 = 106 g/mol 


200 
No. of moles = =0.2 x T000 ^ 004 mol 
Mass = 0.04 x 106 = 4.24 g 


Add 50 mL, Complete he 
—s 
of water with CETO with 
stirring water til 
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El molality (m) 


Molali 
It is the number of moles of solute in one kilogram of solvent. 
l 
" _ Number of solute moles (mol) Molality In 
Mol) e Mass of solvent (kg) 7 


The unit of molality is mol/kg or (m). 


Examples 


© Calculate the molality of a solution prepared by dissolving 20 g of sodium 
hydroxide NaOH in 800 g of water. [Na=23 .H=1,0= 16] 


Solution 


Molar mass of NaOH = 23 + 16 + 1 = 40 g/mol 


Number of moles of NaOH = —™"S__ = E =0.5 mol 
molar mass 


r mi 


number of moles of solute (mol) _ 0.5 mol 
mass of solvent (kg) — O08kg 


Molality = = 0.625 mol/kg 


@ Calculate the concentration of a solution produced from mixing 1 g of ethanol 
C3H5OH with 99 g of water H,O, expressed by : 
(a) The mass percentage. 


(b) Molality. [C,H OH = 46 g/mol] 


(a) Mass of solution = 1 + 99 = 100 g 


s. The mass percentage = x 100% = 1% 


a 
100 
(b) No. of ethanol moles = + = 0.0217 mol 
" EXC n 
7. Mass of solvent = 79%, = 0.099 kg 


+. Molality = 9917 =0.219m 


4! 
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Lesson Two 


Collective Properties of Solutions, 
Suspensions and Colloids 


* The properties of solutions differ from the properties of the pure solvents forming them 
after dissolving a non-volatile substances at the same conditions, these new properties are 


called Colligative properties Bg 
Colligative (Collective) properties of solutions pd 

They are properties whose values depend only on the number of solute particles per unit 

volume of solution and not on the type of solute. 


[ Collective properties of solutions are :1) 


Y 
[1| Vapor pressure depression Baü Boiling point elevation Freezing point depression 


1| Vapor pressure depression 
* When a pure liquid is left in an open beaker, it evaporates completely. 
* But, when it is left in a closed container, both liquid and vapor are present. 
i.e.) Vaporization and condensation occur. 


© At equilibrium, the rate of condensation is equal to the rate of vaporization and 
the pressure exerted by this vapor is called Vapor pressure. 


Phe li At equilibrium, the 


after 
sation equals to 


higher 
ation, a period of time he 


Qin | e 


ye Aas pst | 73 Y——31 


It is the pressure that vapor affects the liquid surface, when the vapor is at a dynamic 
equilibrium with its liquid inside a closed container at a constant temperature and pressure. 


The vapor pressure of a pure solvent is affected by dissolving a non-volatile solute in it 
to form a solution as follows : 


Pure solvent = |. ,—— . Solution - -— 


e The surface molecules which exposed * The surface molecules are the solvent 
to vaporization process are the solvent and the solute molecules, 
molecules only. * The number of 


solvent molecules 
e The force that has which exposed to 


to be overcome vaporization process 
is the attraction decreases. 
force between * The force that has 
to be overcome is 
the attraction force 
molecules with between solvent and 
| each other. solute molecules. Solution 


the solvent 


EÐ the vapor pressure of a pure solvent is higher than the vapor pressure of the solution at 
the same temperature. 


Vapor pressure of a pure solvent Vapor pressure of a solution 


® Explain why the vapor pressure of the solution is lower than the vapor 
pressure of the pure solvent ? 
Because : 
- The number of solvent surface molecules in solution is less than that in the pure solvent. 
- The attraction force between solvent and solute molecules in the solution is stronger 
than the attraction force between solvent molecules with each other. 


So, the number of solvent molecules which exposed to vaporization process decreases 
in the solution. 
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Chapter [0] Lesson Two 
B Boiling point elevation - 


When the vapor pressure of the liquid equals the atmospheric pressure, the liquid starts to 
boil and in this case the boiling point of the liquid is called The natural (normal) boiling 
point. 


The natural (normal) boiling point 
It is the temperature at which the vapor pressure of the liquid equals the atmospheric pressu 


e The boiling point can be used as an indicator for the purity of solvent. 
‘=> Because the measured boiling point of the pure liquids equals its natural boiling point. 


Application 


® Observe the opposite graph : „~ Atmospheric pressure (1 atm) 
e Pure water is boiled at 100°C at atmospheric 
pressure (1 atm). However, the addition of 
acertain quantity of salt in water raises the boiling 
point of the solution to T4 


@ Explain why the boiling point of solution is 
higher than the boiling point of pure solvent 
which forms it. 


Because the vapor pressure of solution is lower than 


the vapor pressure of pure solvent which forms it. 100 R 


Boiling point of Boiling point of 
pure water the solution 
the solution needs more energy until its vapor The relation between the vapor 


pressure equals to atmospheric pressure to boil. pressure of water and the change in 
the boiling point of solution. 


easured boiling point 


It is the temperature at which the vapor pressure of the liquid equals the pressure 
exerted or acted on it. 


“Note } 


Boiling point elevation is directly proportional to the number of moles of ions in 
the solution. 


® Give reasons: 


© The boiling point of an aqueous solution of sodium chloride is equal to the boiling 
point of an aqueous solution of potassium nitrate. 
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H30q 
a 


+ = 
Naag) + Clg) 


2 mol 


H30q 


KNO; —— Ki * NO¥aqy 


1 mol 2 mol 


Because each of them produces the same number of moles of ions in the solution. 


@ The boiling point of an aqueous solution of sodi 


ium carbonate Na,CO, is higher than the boiling 


point of an aqueous solution of the sodium chloride NaC! which has the same concentration. 


H,0, 2- 
NaCO; c) —— e 2Nad + COFq) 


1 mol 3 mol 


HO) + E 
NaCl) t e. Nat + Clag) 


1 mol 2 mol 


Because the number of moles of ions dissolved in the solution of Na 5CO, is higher than 
that in the solution of NaCl and the boiling point increases by increasing the number of 


moles of ions dissolved in the solution. 


Freezing point depression - 


Freezing point of solution is less than freezing point of pure solvent which forms it. 
Freezing point depression is directly proportional to the number of dissolved solute 


particles in solution. 


[ Dissolved solute particles j ] 


+ olute mi ecules }— —- 

| * When the substance is not ionized into 
ions in water e.g. sugar (non-electrolyte). 

* When 1 mol of any non-electrolyte is 
dissolved in 1 kg of water the resulting 
solution freezes at (— 1.86°C). 


e Solution of 1 mol (180 g) of glucose in 
1 kg of water freezes at (— 1.86°C). 
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When the substance is dissociated into 
ions in water e.g. NaC! (electrolyte). 
| The freezing point of electrolytic | 
| solution = number of moles of 
ions in the solution x (- 1.86°C). | 
e Solution of 1 mol (58.5 g) of NaCl in 
1 kg of water freezes at (— 3.72°C). 
Because | mol of NaCl produces 2 mol | 


| of ions in water [2 x (- 1.86)]- - 3.72°C 


Chapter (1) Lesson Two 
® Give reasons: 


© The freezing point of a solution is less than the freezing point of its pure solvent. 
Because the attraction forces between solvent and solute molecules prevent 


the transformation of solvent molecules from liquid state to solid state at the freezing 
point of pure solvent. 


ED the temperature of solution has to drop below the freezing point of pure solvent until 
solvent particles are separated from the solute crystals. 


@ Adding salt to snow-covered roads in cold places. 
To prevent cars from slipping and decrease 
the number of accidents where the salt dissolves in 
water forming a solution, which freezes at 
a temperature below the freezing point of pure water. 
EXD the amount of snow will decrease. 


Examples 


© What is the freezing point of the solution, that conains 1 mol of calcium chloride 
CaCl, in 1000 g of water ? 


Adding salt to snow-covered roads 


H,0, - 
CaCl) —-O, Cota + 2Cliagy 


1 mol 3 mol 
The freezing point of an electrolytic solution = no. of moles of ions x (— 1.86*C) 
=3 x (= 1.86°C) =- 5.58°C 


@ What is the relation between the properties of solution and the properties of 


the solvent forming it, according to : the vapor pressure, the boiling point and 
the freezing point ? 


The vapor pressure the solution that of the solvent. 


HAH 


The boiling point the solution that of the solvent. 


IHG 


[The freezing point " the solution that of the solvent. 
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® Properties of suspensions : 

@ A heterogeneous mixture. It is a heterogeneous mixture in which 
the diameter of its particles is larger 
than 1000 nm and can be distinguished 
by the naked eye. 


@ The diameter of its particles is larger than 
1000 nm. 


© The suspended particles precipitate, if it is 
left for a short time without shaking. 

© The suspended particles can be seen 
by the naked eye. 


© The suspended particles can be separated by 
filtration. 


=> Because filter paper ( ultra filtration 
membrane) can hold the suspended particles, 
while water passes through it. 


Filtration of suspension 


Examples 


Sand in water, e Chalk's powder in water. 


Colloids 


9) Properties of colloids : 


© A heterogeneous mixture (apparently homogeneous). It is a heterogeneous mixture 
in which the diameter of its 
dispersed particles ranges 
€) The dispersed particles don't precipitate, if they are between 1: 1000 nm and can 
left for a short time without shaking. 


@ The diameter of the dispersed particles is 1 — 1000 nm. 


be distinguished by 
© The dispersed particles can be seen by the electron the electron microscope. 
microscope only. 


© The dispersed particles can't be separated by filtration. 


@ The shape depends on its concentration : 


— Concentrated colloids appear as milk or clouds, 


— Diluted colloids appear clear, 
Aerosols are from colloids which 


take clouds shape 
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® Give reason: 
The colloid is an intermediate case between the solution and the suspensi 
Because the diameter of colloid particles is in the range | : 1000 nm, which is smaller 
than that of suspension (> 1000 nm) and larger than that of solution (< 1 nm). 


D» Tendal's phenomenon Bo 


To distinguish between the colloid and the true 
solution, this is known as Tendal's phenomenon, 
By allowing a beam of light from a lamp to fall on 
each one, the colloid scatters the light because 

the size of the colloid particles is larger enough. 


Colloidal systems 


® Colloidal systems consist of : 
» Dispersed phase (like the solute in the solution). 
It is the substance that forms the colloidal particles. 
» Dispersed medium (like the solvent in the solution). 
It is the medium in which the colloidal particles are dispersed. 
fX Classification of colloidal systems according to the state : 
Dispersed | Dispersed 
phase | medium 


Liquid | Some types of creams — whipped egg. 
Gas pee eT 
Solid | Sweet made of sugar and egg whit 


Aerosols — fog. 


Examples 


Liquid Milk — mayonnaise - emulsion of oil and vinegar. 


Hair gel. 


Gas Dust in air particles. 
Solid 


Liquid |Pigment — blood — starch in hot water. 


&? Give reason: 
There is no gas-gas colloidal system. 
Because mixed gases are homogeneous mixtures, whereas the colloid is 
a heterogeneous mixture. 
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@ What happens when an amount of egg white is whipped by an electric mixture ? 
A colloidal system (gas in liquid type) is formed. 


n methods of Colloids 


® There are two methods : 


o Dispersion method : E 
The substance is crushed into small particles until its [2 
diameter reaches between (1: 1000 nm), then added to Fase 
the dispersed medium with stirring. eS 8) 
e.g. : starch in hot water and cappuccino coffee. Cappuccino foam is formed by 
@ Condensation method : — [o 
The small particles are collected together into larger particles ins 
have the volume of the colloid particles, by some processes like : 
Hydrolysis. Oxidation — reduction. 


e.g. : such as in the reaction of hydrogen ; oium 


sulphide with sulphur dioxide, where 2H; To) 3S, 2H. 
the atoms of sulphur in water form colloid. MS ann S0 2 ec] 
oxidation — 


+= Comparison between solution, colloid and suspension : 


Points of comparison Solution Colloid Suspension 


1. Homogeneity : Homogeneous. Heterogeneous. Heterogeneous. 


2.Size of particles : «Inm. 1:1000 nm. > 1000 nm. 
1 
Cai Can't be seen by the 


t n't be seen by 9 Can be seen by 
3. Vision : the naked eye or the | naked eye, but seeing by the naked eye 


x electron microscope. | the electron microscope. 


4. Scattering of light Doesn't scatter the 
beam : light. 


5. Precipitation : No precipitate. No precipitate. Precipitate. 


Scatters the light. Scatters the light. 


6. Filtration (separation) 


of particles : Can't be separated. Can't be separated. | Can be separated. 


&? Give reasons : 
© Sugar dissolves in water forming a solution, but milk powder disperses in water 
forming a colloid. 
Because the size particles of sugar after dissolving is < 1 nm, but that in case of milk 
powder ranges between | : 1000 nm. 
@ Chalk's powder forms a suspension in water. 
Because the size of chalk's particles is > 1000 nm. 
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Lesson One 


Chapter Properties of Acids and Bases 
The acids and bases represent a large part of human life. For example, the vinegar that is ( 
used in some food and cleaning processes is an acidic solution that was early discovered. Wd 
Acids are used in many chemical industries like : 
* Fertilizers. * Medicines. $ Plastic. * Car batteries. ) jS 
Bases also have many uses in chemical industries like : $ 
© Soap. * Detergents. * Dyes. * Medicines. i 
a eO? ! 

4, e , ui 

ae = é y. 


Medicines are acids and bases Detergents are bases Lemon and tomato contain acids 


F The following tables show some of the natural and industrial products and the acids 


v and bases entering in their composition or preparation : 
s Product Acids entering in its composition or preparation 
d Acidic plants (lemon - oranges - tomatoes) Citric acid — Ascorbic acid. 
Oy Dairy products (milk - cheese - yoghurt) Lactic acid. 
Soft drinks Carbonic acid — Phosphoric acid. 
$ / Product Bases entering in its composition or preparation 
4 ( Soap Sodium hydroxide. 
e Baking soda Sodium bicarbonate. 
* Washing soda Hydrated sodium carbonate. 
3 
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[ Properties of acids and bases 


I 


(1) Have sour taste. 


(2) Change the color of litmus dye or 
litmus paper into red. 


e 
= 


Acids change the color of litmus dye into red. 
(3) Acids react with bases producing salt 
and water. 


(1) Have bitter taste and slippery feel. 
(2) Change the color of litmus dye or litmus 


paper into blue. 


é 
— 
bx 


Bases change the color of litmus dye into blue. 
(3) Bases react with acids producing salt 
and water. 


NaOH Tag), 


Sodium hydroxide 
base 


9) Acids react with : 
* Active metals : 


+ HNO) 
Nitric acid 


m MNINO C. + 


(aq) H50 


Ww 
Sodium nitrate 
acid salt 
Producing salt of acid and hydrogen gas H, evolves. 
Zn, * 2HCla ZnCl (a4) E 
Zinc Hydrochloric acid Zinc chloride 


* Carbonate or bicarbonate salts : L| 


Causing effervescence and producing carbon dioxide gas CO, which makes limewater turbid. 
Na,COy,, + HO + COxgsl 
Sodium carbonate Carbon 


dioxide gas 


water 


Hao) 
Hydrogen gas 


H3SOsa ———* NaSO a + 
Sodium 


sulphate 


i”. 
—s 


CO, turns limewater turbid. 


Sulphuric 


acid 


Water 
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Chapter (2 Lesson One 


D Theories defining acids and bases 


e The external appearance of the acid and base leads to an experimental definition for each. 

© The experimental definition is based on observation only and doesn't describe or explain 
the unseen properties. 

* The more overall definitions of acid and base come from the studies and experiments, that 
were placed in the form of theories. 


A ase the 


i 1 


El Arrhenius's theory Brénsted-Lowry’s theory Lewis's theory 


u The Arrhenius's theory in 1887 


* Arrhenius observed that the aqueous Sitons of acids and bases conduct electricity. 
e This observation proves that acids and bases are ionized in water. 


f { Dissolving of hydrogen chloride in water IK — Dissolving of. sodium hydroxide in water H 


| e When hydrogen chloride gas dissolves * When sodium hydroxide dissolves in 
in water, it is ionized into hydrogen water, it is dissociated to sodium ions 
ions (H*) and chloride ions (CI). (Na*) and hydroxide ions (OH). 


H50, "n $ - 
HCl e Hig) + Clag NaOH 2°, Nafa) + OH 


NaOH, 


Dissolving of acid in water produces Dissolving of base in water produces 
hydrogen ions. hydroxide ions. 


H20, = 120, 
HySOq¢qq) —— 2 Hiag + HSOqq) KOH qq) — 2 KY, 


(ag) + OHag 


H20, | 
| HCI qu, 30e Hing CIO) Ba(OH) faq) 29 ,. Bait 20H 
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[ _ Arrhenius revealed (proved) his theory to define acids and bases 


Y 
Arrhenius acid 


— 
It is the substance that dissolves in water 
and ionized or dissociated giving one or 
more hydrogen ions (H*). 


Y 
Arrhenius base 


It is the substance that dissolves in water 
and ionized or dissociated giving one or 
more hydroxide ions (OH). 


|, According to Arrheniu 


S's theory we observe that ] 


| Arrhenius acid must contain a source of 
| hydrogen 


Arrhenius base must contain a source of 
hydroxide ions (OH ^). 


Acid works on increasing the concentration 
| of (H*) ions in the aqueous solutions. 


Base works on increasing the concentration 
of (OH ) ions in the aqueous solutions. 


Classify the following substances into Arrhenius acid or Arrhenius base : 


Q ivo; 


© mmo n 


2*0. + 


@ Mus 


Xl) (aq) 


+ NOS 


^. HNO; is an Arrhenius acid, because it dissolves in water giving H* ions. 


H,O, 
@ MLH) y cm!) 


g2+ 
Mgaa) 


+ 20H, 


MT (aq) 


^. Mg(OH); is an Arrhenius base, because it dissolves in water giving OH" ions. 


D Explaining neutralization reaction according to Arrhenius’s theory 


Neutralization reaction 


between an acid and a base to produce salt and water. 
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HCI +o NaOHep —— NaCl, + HO 


(aq) ) 


Hydrochloric Sodium Sodium Water 
acid hydroxide chloride 
* The ionic equation of this reaction according to Arrhenius’s theory is : 
Hoag) + Chag + Mlaqy + OH — 7 Nag) + Chag + Hayy 
Nato) and Cl, ions are present in both sides of the equation without changing. So, 
they can be neglected (cancelled) from the both sides of the chemical equation. So, 
the neutralization reaction can be represented by the following equation : 


Hog) + OHfaq) 


———- HO 


0 


| 27 Observations on (Deffects of) Arrhenius's theory 
* Carbon dioxide CO, doesn't contain a source of (H*) ions, but it dissolves in water giving 
an aqueous acidic solution. 


» Ammonia NH, doesn't contain a source of (OH^) ions, but it dissolves in water giving 
an aqueous basic solution. 


* These observations don't agree with Arrhenius's theory. 


The Brónsted-Lowry's theory in 1923 E 
The Danish scientist Brónsted and the British one Lowry proposed a new acid-base theory. 
Brónsted-Lowi 


It is the substance that gives up the proton (H’ It is the substance that accepts the proton (H*). 
Proton donor Proton acceptor 


lication 


Brónsted-Lowry theory describes the behavior of ammonia as a base : 
loses H* 


accepts Ht 
H 
* = [d + 
H,O, NH. 


+ = 
3(g) NH OB 
Acid Base Conjugate Conjugate 
(proton donor) (proton acceptor) acid base 
Acid and base definition according to Brünsted-Lowry's theory 


FER 3 gs ley a aay ye ta Sl pd ual Jal 0 


l When ammonia gas dissolves in water | 


e H,O acts as an acid. e NH; acts as a base. 
=> Because it gives up a proton (H*) to | => Because it accepts the proton (H*) from 
ammonia molecule (NH3). water molecule. 


e OH" formed and it is called Conjugate base. | e NH} formed and it is called Conjugate acid. 
Conjugate base jugate acid 
It is the substance which is formed It is the substance which is formed 
when the acid loses a proton (H*). when the base accepts a proton (H*). 


The following diagram shows the relation between acid and base : 


ivsupH* —— 
Ag eee Base — 


e Acid and its changed changed — *Base and its 
conjugate base. into into conjugate acid, 


Conjugate base Conjugate acid 


@ Show by a chemical equation the dissolving of hydrogen chloride gas HCl, in water 
according to Brónsted-Lowry's theory, then identify acid, base and their conjugates. 


accepts H* 


- + 
HO HCl Nagy H3Q\aq) 


Base Acid Conjugate base Conjugate acid 


( * The acid is hydrogen chloride gas HCl * The base is water H,O 


* The conjugate base is chloride ion Clg) * The conjugate acid is hydronium ion H3Ofaq) 
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Chapter (2) Lesson One 


@ Explain the following chemical reactions in the light of Brónsted-Lowry's theory : 
(a) CH;COOH (qq) + H2O) === CH4COOQ + H3O%aq) 
(b) HCO%qq) + HO) === HyCO3 qq) + OH 
is 2- 
(c) HCO%qq) + H2O) == CO%Zaq) + H30 faq) 


Reaction Acid Base Conjugate base | Conjugate acid 
@) CH3COOH ag) H04) CH3COO (ag) H3O" aq) 
H0 HCOsqq) OF (aq) HyCOsqq) 


T 
©) HCO tag) H0) COF (ag) H30* aq) 


EH Lewis's theory in 1923 E] 


Lewis proposed an acid-base theory which depends on sharing of a lone pair of electrons 


between acid and base. 
is acid Lewis base 
It is the substance that accepts It is the substance that donates 
an electron pair or more. an electron pair or more. 


@ Lewis-theory explains the reaction of formation of hydrogen fluoride HF 


Teg H-E IP 
Lewis base 
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@ Mention the acid and base according to Lewis's theory, when ammonia gas dissolves 
in water. 


&? Give reason: 


Ammonia is considered as a base, although it doesn't contain hydroxide group in its 
structure. 

Because according to Brónsted-Lowry's theory, ammonia accepts a proton from another 
substance (as water) during the reaction and according to Lewis's theory it donates a lone 
pair of electrons to another substance (as water) during the reaction. 


® All the previous theories can be summarized as the following : 


Acid definition Base definition 
Arrhenius H* producer OH” producer 


Brónsted-Lowry H* donor H* acceptor 


Electron pairacceptor | Electron pair donor 
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Lesson Two 


Chapter Classification of Acids and Bases 


9) Acids can be classified according to : 

© Its strength (degree of ionization). @ Its source. © Basicity. 

u Classification of acids according to its strength (degree of ionization) 

de Acids are classified according to its degree of ionization in the aqueous solution into : 


Strong acids} -—[{_ Weak acids} 
Weak acids 


| H Y 
Strong acids 
Th which are completely || Theacids which are incompletely 
ionized in water. ionized in water. | 
HA Í i 


iple! 


H HB 


Weak acid 
» Their aqueous solution conducts * Their aqueous solution conducts 
the electric current to a large degree, the electric current to a small degree. 


s They are considered as strong electrolytes. » They are considered as weak electrolytes. 


» Hydroiodic acid HI » Carbonic acid H9CO4 

s He Antal m nes » Phosphoric acid H3PO4 

e Hydrobromic aci T 8 PR 3 

» Sulphuric acid H,SO, sAcetic d (vinegar) CHCOOH 
» Nitric acid HNO3 *» Formic acid. e Citric acid. 


» Perchloric acid HCIO, ə Oxalic acid. » Lactic acid. 
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* There is no relation between the strength of the acid and the number of hydrogen atoms 


in its molecular structure. 


e.g. Phosphoric acid (H3PO,) is weaker than nitric acid (HNO3), although it contains 


greater number of hydrogen atoms. 


® Questions: 


e Write the chemical equation that expresses the ionization of acetic acid in water. 


CH COOH aq) + HjO( = CHjCOO%q) + HzOfaq) 


e Give reason : Hydrochloric acid HCI is stronger than acetic acid. 


Because HCI is completely ionized in water, but acetic acid is partially ionized in water. 
HClao + HO) — Chag) + H30%aq) 


A Classification of acids according to their sources 
t= Acids are classified according to their sources (origin) into : 


[M c M l —-— — MI 


* Acids that have no organic origin. 


i.e. ] They usually have non-metallic 
elements in their structure like chlorine, 


* Acids that have an organic origin (plant 
or animal). 
(ie) They are extracted from the organs 
of living organisms. 
* All of them are weak acids. 


* Lactic acid (milk products). 
* Acetic acid (vinegar). 

e Citric acid (from lemon). 

* Oxalic acid. 


* Formic acid. 


sulphur, nitrogen and phosphorus. 
* Some of them are strong acids and others 


are weak. 


* Carbonic acid. 

* Hydrochloric acid. 
* Phosphoric acid. 

* Perchloric acid. 

e Nitric acid. 


» Sulphuric acid. 
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Classification of acids according to the basicity 


The basicity of acid 


when it dissolves in water. 


It is the number of hydrogen ions (H^), which is produced by one molecule of the acid 


Chapter © Lesson Two 


+x Acids are classified according to the basicity into : 


Monobasic acids | 
% (Monoprotic) a 


Acids where each 
molecule gives one proton 
H*, when it dissolves in 
water. 


Dibasic acids 
“@iprotic) - 
si 
Acids where each 
molecule gives one or 


two protons H*, when it 
dissolves in water. 


H 


n Tribasic acids 
B (Triprotic) 


Tribasic acids 
Acids where each 
molecule gives one, two 
or three protons H*, when 
it dissolves in water. 


j- 


* Organic monobasic acids + 
Formic acid HCOOH 
Acetic acid CH}COOH 


© Mineral monobasic acids : 
Hydrochloric acid HCI 
Nitric acid HNO4 


® Give reason: 


Hamp 


e Organic dibasic acids : 


Oxalic acid TDOH 
COOH 


e Mineral dibasic acids : 
Sulphuric acid H,SO, 
Carbonic acid H;CO4 


ə Organic tribasic acids : 
Citric acid EX -COOH 
HO-C=COOH | 
| HC -coou 
e Mineral tribasic acids : 
Phosphoric acid H,PO, 


nj, 


Tribasic 


e Both of citric acid and phosphoric acid have the same degree of basicity, while they 


differ in their source (origin). 


Because both of them are tribasic acids, but citric acid is an organic acid, while 
phosphoric acid is a mineral acid. 
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Clas: ation of bases 


Bases can be classified according to : 
© Strength (degree of ionization). 
@ Molecular structure. 


[1| Classification of bases according to their strength (degree of ionization) 


4x Bases are classified according to their degree of ionization (dissociation) into : 


{Strong bases } 
Strong bases 


Bases which are completely ionized in 
water. 


—{_Weak bases |— 


Weak bases 
Bases which are incompletely ionized in 
water. 


* Their solutions are good conductors of 
electricity. 


o They are considered as strong electrolytes. 
| * Potassium hydroxide KOH 
* Sodium hydroxide NaOH 

» Barium hydroxide Ba(OH), 


e Their solutions are bad conductors of 
electricity. 


* They are considered as weak electrolytes. 


s Ammonium hydroxide NH4OH 
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Chapter (2) Lesson Two 


|2] Classification of bases according to their molecular structure 


3x Bases are classified according to their molecular structure into : 


Examples Application 


Iron (II) oxide 
FeO 
Magnesium oxide | 10n (Il) Hydrochloric Iron (II) Water 
MgO oxide acid chloride 


FeO( + 2HCla i eC + HQ) 


Calcium hydroxide il 
2. Metal caon, | Ox * HS Osag -iL CaSO + 2H 


hydroxides | Sodium hydroxide | Cilcium Sulphuric Calcium Water 
NaOH hydroxide acid sulphate 


Potassium 


dil 
oe carbonate K;COs(,* 2HC gq) iLe 2KCliaqy + HQ + COo) 


K,CO. d " "4 
tes 2€03 Potassium Hydrochloric Potassium, Water. Carbon 
irbona! " 2 
ore Sodium carbonate 


Na,CO3 


carbonate acid chloride — dioxide 


Potassium E 
Aud bicarbonate — |KHCOs(,* HCliqqy ih KCl) HQ) + C03 


bicarbonates KHCO, Potassium Hydrochloric Potassium Water Carbon 


Sodium bicarbonate | picarbonae acid chloride dioxide 


) m 


The bases that dissolve in water are called Alkalis. 


| Alkali 

Alkali o 

ET base that dissolves in water and gives hydroxide ion (OH). (e 
Relation betwen 


the alkalis are a part of the bases and therefore, we can say that : 
all alkalis are bases and not all bases are alkalis. 


® Give reasons: 


alkalis and bases 


@ Sodium carbonate is from bases. @ Not all bases are alkalis. 
Because sodium carbonate reacts with Because there are some bases 
acid forming salt and water. don’t dissolve in water. 
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* The aqueous solutions are divided into three types : 
+ Acidic solutions. » Alkaline solutions. * Neutral solutions. 
3X There are two methods for identifying these solutions : 
@ Indicators. @ pH-meter. 


H Using the indicators for identifying the aqueous solutions 


Indicators 
They are weak organic a 
the solution type. 
*X Indicators are used in : 
@ Identifying the type of solution. 
@ Determining the end point in titration process between acids and bases. 
F The following table shows examples of some indicators and their colors in different media : 


e: e e: e e.: 10 
A ag 


Bromothymol blue 
Methyl | Bromothymol 
orange blue 
The | Acidic (pH <7) Red | Yellow | ^ Colorless Red 


colorin | Neutral (pH&7) | Orange | Green | Colorless Violet 
medium | Basic (pH>7) | Yellow | — Bhe | Pink Blue 


Indicators | Phenolphthalein| Litmus 


Enrichment information 


Ant and bee bites have an acidic effect, and can be treated by using sodium bicarbonate solution, whereas 
the wasp and jelly fish have a basic effect and can be treated by using vinegar. 


&? Give reasons: 
© The color of indicator changes with the change of the solution type. 
Because the color of non-ionized indicator is different from the color of ionized 
indicator in different solutions. 
[2] Phenolphthalein can't be used to differentiate between the acidic and the neutral medium. 
Because it has the same color (colorless) in the both media. 
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Ba Using the hydrogen exponent pH for identifying the aqueous solutions 
The hydrogen exponent pH 


It is a way to express the degree of acidity or alkalinity 
of a solution. 


e pH value expressed by positive numbers range from 0 to 14 


pH value can be detected by : 


— pH paper tape. 


e The pH value depends on the concentration of positive hydrogen ions 


— pH-meter. 


pH-meter and 
pH paper tape 


(H*) and negative hydroxide ions (OH ) inthe solution, as follows : 


Acidic solution 


Neutral solution 


Basic solution 


When the monobasic acid 
dissolves in water, each 
molecule gives one proton H* 


The concentration of 
H* » OH 
pH value « 7 


pH«7 


When NaCl dissolves in 
water. 


The concentration of 
H*- OH 
pH value =7 


pH=7 


When NaOH dissolves in 
water, each molecule gives 
one hydroxide ion. 


The concentration of 
OH” > H* 
pH value » 7 


pH>7 


3x The following figure represents the pH - scale : 


Stongacid — Weak acid Neutral Weak base Strong base 


Pure. 


Lemon Tomato Glair 
juice juice 
» Vinegar, lemon and tomato juices are acidic solutions (pH < 7). 
e Washing soda, detergents and glair are basic substances (pH > 7). 
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® Salt formation: Eon 


Am. 
| 
| 
| 


D Cation 
v | A positive ion (M^) of the base (basic radical). 
* Salt 
A ©) Combine together — t 
Anion 3 MEX 


A negative ion (X^) of the acid (acidic radical). 


Example 
Formation of potassium nitrate salt : 


Cation ~~ "Kt NO3“ ~ Anion 


basic radical acidic radical 


Sua X. 
D> BS 


: 


Chapter (2) Lesson Three 


$ When potassium hydroxide reacts with nitric acid, potassium nitrate salt is produced : 


+ + dil + 
KOH. + HNO Hag) e KNO + HO 
Potassium Nitric Potassium Water 
hydroxide acid nitrate 


» The chemical formula of salts and its naming 


Rule 


* Reading of the chemical name of 
the mineral salt doesn't differ from 
the organic salt, as follows : 

$ The chemical name of salts formed from Sodium chloride 
two parts. 

$ The first part refers to the basic radical 
(cation), while the second part refers to 
the acidic radical (anion). 


Potassium acetate 


s The chemical formula of mineral salt Salt of | Salt of. 


differs from that of organic salt. mineral acid organic acid 
— In the case of mineral salt the basic 5, i: 


2 .. | Basic Acidic | Acidi Basic 
radical is written firstly, then the acidic | radical radicali | radical radical 


radical. | | 

— In the case of organic salt the acidic 
radical is written firstly, then the basic Kt NO3 CH;COO" K* 
radical. | | 


Potassium nitrate Potassium acetate 


* If the salt contains hydrogen in its acidic Na* HSO; 
radical, we have to add either : Sodium bisulphate 
— (Bi) or (hydrogen) before the name of or 


its acidic radical. Sodium hydrogen sulphate 


s In the case of metals that have more than 
one valence, we have to write Fe?*s0;- Fe3*(SO,)>° 


a Latin number (I , II , III) which refers to Iron (1I) sulphate Iron (11!) sulphate 
the valence of the metal, 
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3X The chemical formula of the salt depends on : 
* The acid which represents the source of the anion. 


* The valence of the anion and cation. 


The acid Anion Cation Salt 


* eU 
HNO; NO; K Potassium nitrate KNO3 


Nitric Nitrate Pb? | Lead (ID nitrate Pb(NO3)» 
acid anion 


Fe?* | Iron (IID nitrate Fe(NO3)3 


+ 5 
HCI cr Na’ Sodium chloride NaCl 


Hydrochloric Chloride Magnesium chloride MgCl, 
acid anion 


Chloride 


Salts 
Aluminum chloride AICI3 | 


ii ‘OOK 
CH,COOH Potassium acetate CH4C 


Acetic 
acid 


CH,COO™ 


Westbte diio Copper (II) acetate (CH4COO),Cu 


Iron (IIT) acetate (CH ,COO)3Fe 


soy Sodium sulphate NaSO Sulphate 
Sulphate 
H$0, scis Copper (II) sulphate CuSO, Salts 
Sulphuric | 
acid HSO; Sodium bisulphate NaHSO4 A 
Bisulphate t= mM Ele u oat 4 
DIO Aluminum bisulphate AI(HSO4)3 Salts | 
1— 
cor Sodium carbonate NaxCO3 
Carbonate 
H,CO; anion Calcium carbonate CaCO; 
Carbonic | 
HCO Sodium bicarbonate NaHCO Bicambonais 
Bicarbonate 
dion Magnesium bicarbonate Mg(HCO4)5 So 


acid 


&? Give reason: 
FeCl, is named as iron (III) chloride, while AICI, is aluminum chloride, 
although the valence of iron and aluminum is 3 in the two salts. 


Because iron has two valencies (II , III), while aluminum has only one valence (III). 
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» From the previous table we can conclude that : 
Some acids have more than one type of salts, due to the number of hydrogen atoms in 
the acid molecule. 
e Monobasic acids form only one type of salts like : 
@ Nitric acid HNO; —CL— forms nitrate salts only. 
@ Hydrochloric acid HCl ——+ forms chloride salts only. 
@ Acetic acid CH.COOH ——+ forms acetate salts only. 
e Dibasic acids form two types of salts like : 
@ Sulphuric acid H,SO, ——» forms sulphate and bisulphate salts. 
@ Carbonic acid HCO; ——® forms carbonate and bicarbonate salts. 


L 4 


coz 
Carbonate group "-—9 — 


e Tribasic acids form three types of salts like : 
Phosphoric acid (H3PO4) forms three types of salts : 


Heic 


H,PO; HPO? POi 
Dihydrogen phosphate group. Hydrogen phosphate group Phosphate group. 


Questions : 
e Use the following radicals to write the chemical formulas of some salts, then 
write their names. 


(Ba?* / Ca?* / NH / NO3 / SOF" / CI) 
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NO; sor cr 
Nitrate Sulphate Chloride 


Ba(NO3)9 BaSO, BaCl, 
Barium Barium nitrate Barium sulphate Barium chloride 


ca Ca(NO3) CaSO, CaCl, 
Calcium Calcium nitrate Calcium sulphate Calcium chloride 


NH} NH,NO, (NH,),S0, NH,Cl 
Ammonium Ammonium nitrate | Ammonium sulphate | Ammonium chloride 


Salts formation methods 


Salts can be practically prepared by one of the following methods : 


© Reaction of active metals with diluted acids. 
@ Reaction of metal oxides with acids. 
© Reaction of metal hydroxides with acids. 


© Reaction of metal carbonates or bicarbonates with some acids. 


Hl Reaction of active metals with diluted acids 


> eee = 
Active metal + Acid —“"_, Salt of acid + Hydrogen gas 


9 The metals above hydrogen in the chemical activity 
series replace hydrogen in the diluted acid solutions, 
giving salt of acid and hydrogen gas is evolved which 


burns with a pop sound. 


9 The salt of acid which is produced dissolves in water and 
can be separated by heating the solution, where the water 


evaporates and the salt remains. 
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Example HS0, 
\ 


Reaction of zinc with diluted sulphuric acid. 


Zn, + HySOgqq) —tl- ZnSO + Hayy! 


(s) 


Zine Sulphuric acid Zinc sulphate Hydrogen gas 


Reaction of metal oxides with acids 


Metal oxide + Acid —_, Salt of acid + Water 


This method is used if there is a difficulty in the direct reaction 
of metal with acid because : 
— The reaction is dangerous (e.g. reaction of sodium with 
hydrochloric acid is vigorous). 
— The metal doesn't react with the acid, because it is less 
reactive than hydrogen (e.g. copper doesn't react with 
hydrochloric acid). 


i "t react. 
ee wich 
Reaction of copper oxide with sulphuric acid. 


CuO, *. HS Ogag — e CuSO jg, + MO 
Copper oxide Sulphuric acid Copper sulphate Water 


(s) 


Reaction of metal hydroxides with acids 
e This method is suitable in the case of metal hydroxides, that 
are dissolving in water and considered as alkalis. 


* These types of reactions are known as "Neutralization 


reactions". 


calculate the concentration of an acid (or an alkali) using Titration process by 
using a suitable indicator 


e Neutralization reaction can be used in analytical chemistry to 


a known concentration of a base (or an acid) in the presence of 


a suitable indicator. 
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Neutralization point (End point 
It is the moment at which the amount of acid is equivalent to the amount of alkali. 


Metal hydroxide (alkali) + Acid —“\» Salt of acid + Water 


Example E] 


NaOH — HCl) NaChgg) + H3O 


Sodium Hydrochloric Sodium Water 
hydroxide acid chloride 


a Reaction of metal carbonates or bicarbonates with some acids 


Metal carbonate (or bicarbonate) + Acid — Salt of acid + Water 


T : + Carbon dioxide gas t 


» Metal carbonates or bicarbonates are salts of carbonic acid which is an unstable acid, due to 


its low boiling point. 
© It is possible for any other acid (that is more stable than it) to remove it from its salt 
solutions to form a new acid salt, 


» Carbonic acid decomposes into water and carbon dioxide gas, which turns the clear 
limewater into milky. 


Reaction of sodium carbonate with hydrochloric acid. 
NajCOy, — 2HClhgg) ———— NaCl + HO + co;,,! 
Sodium Hydrochloric Sodium Water Carbon 
carbonate acid chloride dioxide gas 


4? Give reason: 
The reaction of metal carbonates or bicarbonates with some acids is called "Acidity 
test". 
Because this reaction is used to detect the presence of acids, as a strong effervescence 


occurs and CO» gas evolves, which turns the clear limewater into turbid. 
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Types of aqueous solutions of salts 


Base © Acid ES Salt Salt solution 


NaOH (strong) HCI (strong) NaCl aii 
pH=7 


NH,OH (weak) | CH4COOH ee | CH,COONH, 


NH,OH (weak) HCI (strong) NH,Cl acidic pH <7 


NaOH (strong) H3C05 (weak) Na,CO3; basic pH >7 


®@ Give reasons: 

© The aqueous solution of sodium chloride is neutral. 
Because NaCl is produced from the reaction between a strong acid (HCI) and a strong 
base (NaOH). So, the pH value is 7 


@ The aqueous solution of sodium carbonate is basic. 
Because Na;CO; is produced from the reaction between a strong base (NaOH) and 
a weak acid (HCO ). So, its pH value > 7 


@ The pH value of an aqueous solution of ammonium chloride is less than 7 
Because this solution is acidic, where NH4CI is produced from the reaction 


between a strong acid (HCI) and a weak base (NH4OH). 


Q The pH value of an aqueous solution of ammonium acetate equals 7 
Because this solution is neutral, where CH;COONH, is produced from the reaction 
between a weak acid (CH4COOH) and a weak base (NH4OH). 
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Choose the correct answer for the questions (1) : Q 


| Booklet model (1) 
} : 

| (1] Which of the following solutions has higher boiling 
(2) 1 M sodium carbonate. 

(5) 2M sodium carbonate. 

(€) 1 M iron (III) chloride. 

| @2M iron (Ill) chloride. 

= 

(© Number of atoms in half a mol 
| © Avogadro's number. 

(b) i Avogadro's number. 

© 2 x Avogadro’s number. 

@ i Avogadro's number. 


(21M (6)05M ©2M 


the empirical formula ? ............... 

@ABC, (5) A,BC 
on GAB 
o The opposite graph represents the relation between 

| the solubility of some substances and the temperature, 
which of these substances its solubility increases with 
a higher extent by increasing the temperature of 

the solvent ? ............... 

(A (B 

(9c @p 
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The guiding model of the 


o9 On dissolving 55.5 g of calcium chloride CaCl, in water to form a solution 
its volume = 0.5 L , the concentration of this solution equals ..............- 


minis lon 


point? . 


e of formaldehyde HCHO equals —...... 


[Ca = 40.Cl= 
@15M 


© An experiment was carried out to find the molecular formula of an unknown 
compound which contains three elements (A), (B) and (C), it was found that 
the mass percentage of the element (A) is 40% and that of the element (B) 

is 12%, what is the molecular formula of this compound, Knowing that it is also 


[A=40,B=12.C=16] 


ite graph. if the solut 


| - molal concentration, So t á e: 
e 
E o 
rs - Mola 
em > 5 © vonocutiration 
VA opsiwn carbonate solun ; 
or p 
5 Quim carbonate solution 
Z B x xia r 
P the following radicals : 


CH,COO- soz Na NE 


| gce the chemical formula of the salt, which dissolves in water forming 
gher than 7 
< 


E sion with pH value hi 


arange the following acids ascendingly according to their number of basicity : 
H.BO /HCN/ H,SO, 


Eg ep DES 
| El 


D deduce the conjugate acid and the base according to Brónsted - Lowry theory 
CH,COO" + H.O* 
a Ei ; | 


‘athe opposite graph Which of the illustrated sor paene PA. 
Compounds (4. B. C. D. or E) 

1 ets the ionization of 

| “organic acid i ? 

| Ce in water ? Why ? 


t 
PN 


of iron (II) sulphate FeSO, d to the equation : 


2mik—> rele | 2FeSO, -2 Fe,0, + 50, +50, 


(D The opposite graph represents the relation 
between the volume of hydrogen gas which is 
evolved from the reaction of a limited amount 
of magnesium with excess of hydrochloric acid 
by time, deduce the time of consumption of 
half the amount of magnesium. 

AY, CL oU. De de D. D peed Peu. ma Lons 


NAE. aas. apes (3 


wolf inchs ob; ead E 
a eec = 2-H ain 


Volume of Hs gas (mL) 
" 
8 


° 


2 4 6 8 10 12 14 
Time (min) Q. 


Suid. wat. Aaah aNu 
Kc sess Ab Eae E 
Bd Caes darte std ele. And Aas... OP. Coe t. 5 is] 
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. ghe correct answer for the quest; 3 
oe aesti Q0. e 
I 


1 a suri 
we of the following measuring relations is incorrect ? 


i 


(65) 


What 
@)2x 105 B 6.02 x 107 (€) 1.81 x 10" @ 36.12 x 105 


llam SSH aaa Rak OES DR : 
ep "ey “ea, 


Th x3 


f) what is the total number of moles of H* which are found in 2.5 L phosphoric acid 


its concentration is 0.7 M ? ERN 
(2) 02533 mol (b) 2.1 mol (£525 mol @3 mol 


9: Which of the following solutions has higher boiling point ? 


@ 0.1 M HI solution. e 0.1 M (NH PO, solution. 7 


(©) 0.1 M NH,CI solution. > .— Dou M Nal S D 


0 Which of the following colloids is formed from dispersion of liquid in solid ? .. 


(E) Hair gel. cheese and butter. (©) Milk. hair gel and blood. 


= 
£j Aerosol, jelly and mayonnaise. @ Mayonnaise, hair gel and cheese. 


9 35.5 mL aqueous solution contains 22.5 g of sucrose (its molar mass = 342 £imol) 


What is the molar concentration of this solution ? ~.~- pt 
fa a z = 
| /0.0657 M (issxi07M QISM ($50.04 M 


B 


= Calculate the molar mass of calcium Seay i en [Ca 240, P2 31.0 2 16] 


ei 10 g of hydrogen gas react pos excess of oxygen gas according to the equation : 


Hg; + Os, — 7 2H, 0) 


What is the reacted volume of oxygen gas (at STP) and the mass of the produced 


"M 


water vapour in this reaction ? ............. : 


Choices Reacted volume of 0, Mass of H,O 7 . 1 
@) 2.5L 5g " 
(b) 5L 5g TENE dud 

|, © 56L 90g a 8X 37-4 2 BEL 

| @ 80 L 120g 


© Each of the following acids when dissolves in water, it can yield more than one proton, 


except ............ \\ 4S O4 " XO CU, Cool 
(©) oxalic acid.* <a (5 sulphuric acid. (9 carbonic acid. © acetic acid. 


© What does fiapPen when a small crystal of the solute substance is Duti in its 
supersaturated solution ? ............... 

© The crystal dissolves in the solution only. 

(5 The solution becomes saturated only. 

© The molecules of the solute will be collected around the crystal only. 


@ OF © together. 
P ad 


(11] “Carbon is found in the form of graphite and diamond", 
ener three other forms in which carbon can be found. 
Car bon. nano. La BS. om 


Bucky. ball 


-ejPou). ede rr naa B) ence einst eun 


1 
mark, 


FelNOJ,, jt LM -Fe Cy: pal 2 Ma E 
-FÈ T mad ue ia MA E Ga 


BONER LE 


e 


2 ; 
(D What is the type of the aqueous solution of sodium nitrate salt 


(acidic, basic or neutral) ? Explain. 

Neak Ga. : alt V folu P VETE: a f "E 3 

ar ry y por 4 i / 

2. > D 

© j 

In this reaction : N H TH? " 
N Hy) + o9, NB 2 OH, 

t of acids 


What does each of the following represent in the light of Lewis concep 


and bases : 
(1) Ammonia gas. 
eren JE... 


(2) Water. 


Lewis. a t 


to barium hydroxide until the reaction is completed. 
ation which represents this reaction, with illustrating 
ide only in this reaction, then explain which 


(D Sulphuric acid is added 
write the symbolic equ 
the physical state of barium hydrox 
is larger in number : 

the ions which are present int 


he beginning of the reaction or the ions which are 


present at the end of the AN 
alQ Ss 
9 Calculate the percentage of the actual yield of zinc sulphate. if its calculated 
| (theoretical) mass = 1.358 g and its actual mass = 1.1468 
£ 
y 
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Weak 


| ( farpartos j| (emaan T 
Haus thon | 
m M ' 


| | marks mark | marks murka [faris marks) marks | 
| | 
—* Choose the correct answer for the questions [17 1 (10) . (nir) 
@ In bucky ball, every carbon atom is attached to. other carbon atoms, 


G1 (52 ©3 OL 


2] Each of the following is a solution, except ............ 


o iron filings with sulphur powder, (b) hydrogen chloride gas in water, 
| © iodine in benzene. @) silver in mercury. 
| 


© Two closed vessels contain chlorine gas at the same conditions of temperature and 
Pressure, so if the first vessel whose volume = 1.3 L contains 6.7 mol of gas, 
what is the number of moles in the second vessel whose volume = 2.33L?...... 


(3) 0.452 mol (©) 3.74 mol (€) 12 mol (d) 20.3 mol 


© Which of the following aqueous solutions has lower freezing point ?.............. 
@)0.1 m (NH),SO, (b)0.1 m MnSO, 


al 

(€) 0.1 m NaF @0.1 mCH,OH 

6 In which of these choices H,PO, acts as an acid ? 

(2) H,PO, + H,O = H,0*  H,PO; 

(b) H,PO7 + HO 
depre 2- 

(c) HjPO; + OH == HPO, + O 


+ 2- 
HO * HPO; 


@ An ion can’t act as an acid in any chemical reaction. 


@ All of the following are colloids, except................ 
@) air in whipped egg whites. (b) air in cotton candy. 


©) ground maize powder in water. @ oxygen in atmospheric air. 
L— 


@ Molal solution contains 1 mol of the solute in 


(knowing that water density = | kg/L) 


(a) 1000 mL of the solvent. (b 1000 g of the solution. 
©) 1 Lof water. (d) 224 L of the solution. 
= 

280 


0 Here are four cli! 


(1) Q) RII en 
Which of the following. choices represents the proper use for the measuring tool ? 


—— ui d 
Ee [Choices n Used in 
©) | Transteming 20 mL of an alk ali to carry out uta titration. j 
(b) (2) [Covesing 7 5 mL of the gas s produced from a thermal decomposition reaction 
© (3) | Adding 1 mL of an acid to calcium c e arbonate. =: 3 
: [01 (4) | Adding 15.6 mL of an acid to carry outa titration, md E 
E — ms 


On dissolving NH ,CIO , acid in water, the formed solution is ; 
(8) acidic. (b neutral. © basic. © amphoteric. 
What is the meaning of that nitric acid is a strong acid? .............. 
@ It dissolves in water and H* concentration in the solution equals OH" concentration, 
(5) It does not ionize in water on dissolving in it. 

It ionizes completely in water into H*, NOV ions. 
gr is neutralized by a strong base only. ; 


= 


0 The opposite figure represents a section in a flexible Plastic cover 

copper cable, it easily bends with the bends of Copper wires 
the plastic pipes inside walls and ceilings. is it useful to 

replace copper which is used in the manufacture of cable 

wires with any of the following ? Explain your answer, 


(1) Copper nano wires 
No. BEGAN 
de. od ieri NO sal mé.. af $e 
seis eoe bolt fb god 

(2) Single - wall carban nano ne 
Ves. PAS Abe n M. 

e 


Tire) Gel eee) eee v 28] 


@ Calculate the mass of oxygen in 0.52 g of sodium bicarbonate. 


(5 The opposite graph shows the solubility curve 
of four different substances A , B , C and D. 
which of these substances its solubility is : 


(1) As high as possible at 10°C 


(2) As low as possible at 90°C 10 20 30 40 50 60 70 80 90100 
m j Temperature (C) 

ETENN NA emm (à) 

M mark, 


(Q Compare between hydrogen chloride gas and glucose by filling in the spaces in 


the following table : 
Points of comparison Hydrogen chloride gas Glucose | 
(1) Solubility in water ee ONES |) cese Soluble. | 
| (2) Ionization in water Complete porta wot yos Ned... | 
: [o 


[ (5) Choose, with explanation, one or more of the following substances that can be present in 
a test tube which contains phosphoric acid : 


f= 2- zd 
Ex) [err] Ged Dun] 


ee ae a UM ORT Nee s ae 


- 


€ j= 
LLL LL LL Booklet modal 9 


@ The opposite graphical figure represents 

pH values of the wastes of a factory 

before and after adding substance (X), 

What is the type of substance (X) ? Explain. 

PENES AS ps C a Gn 
fe J 


S. 


: Before After 
adding adding 
substance substance 
(X) (X) 


ee NT 


(9 Rewrite the following word equation as a balanced symbolic equation : 


Magnesium nitrate + Potassium phosphate ——> 
Magnesium phosphate + Potassium nitrate 


cx og Oy, I Mag Ot Aa DOH) KM 0; 


ds adu MCI Egg 


Mja aede J ar a 3 
wv 27 2azd / C-L C 
Oe 6atdbs Crd | We K3 = ber 
Kee sb-d 5 uo ay 


02 DEPIS | 
+ Kw 
2, Mo (403, 42K; POY js, UP04), * (05 


km wg 5 


marks marks marks marks fh 


~ Choose the correct answer for the questions & : 10) Bx: 
‘ ; iqui thin layer on i 
@ The screen of the mobile phone is covered with nano liquid to form 2 +°" on its 


surface to protect it from scratching and breaking, W 


used in manufacture of this nano liquid ? 


©) One-dimensional nano substance. 


(8) Colloidal substance. O 
© Suspension substance. © Two-dimensional nano substance. 
o Which of the following equations represents E: L 


the process of dissolving the table salt in water 


which is illustrated in the figure rM 
(8) NaCl. SHEE Nat + Cla 

(5) NaCl, NU Nac + Cl 

(S) NaCl, MN) + Clay 

©) NaCl SHE Nat + Cl 

(3] The ionic equation which represents the reaction of sodium hydro: 
hydrochloric acid does not contain each of .....--..-- 

Qn Ken (5) Ht OH (c) Na* , OH- (à H*.CI 


(4] In the following reaction : Li t Ne) 
What is the number of moles of lithium required to ri 


xide solution with 


— 2Li4N 
(s) 
eact with excess of nitrogen gas 
q Sw gera 


rr e ut 
to produce 0.6 mol of lithium nitride ? ............... Me sare) : 
a^ RT exe 
@0.2 mol (©)03 mol (c) 0.4 mol @ 1.8 mol 
= 


© Each of the following is among the properties of lactic acid, except Matit 
(à) is found in yaughurt. 

(©) is an organic acid. 

(E) reacts with sodium to form salt and water. 


(d) is a weak acid. 
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@ The following compounds formulas : 
KNO, , Pb(NO,), , Fe(NO,), 
indicate that the nitrate group is ............... 


"T PES d: 
| (a) monovalent only. (b) divalent only. 
© trivalent only. @ mono, di, and trivalent. 


@ Which of the following examples is an application of Avogadro’s law ?................ 


(a) When 3 balloons contain equal numbers of H, , O, and Cl, molecules, their Asi 


Au we C5 = m 


| volumes will be equal at the same temperature and pressure. 

(b) The balloon which contains H, gas, its volume increases by increasing temperature 
at constant pressure. 

(c) The volume of a balloon decreases with decreasing the number of moles of Ar gas 

"s it at constant temperature and pressure. 

(d) The volume of a piston which contains neon decreases by increasing the pressure 


at constant temperature. 


In theo ite tabli 

© PE Substance Boiling point 
Water that contains a little amount of DESEE 56°C 
acetone, its boiling point is ............... water 100°C 
(@) 56°C (6) 78°C MUT pole) 


(c) 100°C @ 104°C 
© Which of the following choices represents dissolving table sugar 

(its molar mass = 342 g/mol) in water and dissolving table salt 

(its molar mass = 58.5 g/mol) in water ? ............... 

(a) Both form liquid in solid solutions. 

(b) Both are electrolytes. / 

© Freezing point of the salt solution is lower than the freezing point of sugar solution at 
P ie same concentration. 

(d) On adding X mass of each to the same volume of water, sugar solution concentration 


will be higher than that of salt solution. 


j Weekaud : N Cord Nog T 
© On neutralizing acetic acid with sodium hydroxide solution, ... is formed. 
| (B alkaline solution. (b) acidic solution. 
H © neutral solution. @ gaseous solution. 
285 


E 


‘a 
@ The opposite figures (X) , (Y) represent two sections 


in two measuring tools : -X 

* Tool i i 3 

ool (X) : is used in measuring a definite volume of i 

an acid accurately. | E| 

* Tool (Y) : is used in estimating the increase in (X) "Y 
the volume of water on dipping a piece of iron in it, 

what is the name of each tool ? What is the volume of the me 


in each of them ? 


€ Yo Aue e... 
s Wo. Ge duet ad. LA 


asured liquid 


(5 


(b In the opposite figure which represents the solubility X j 
curve of potassium nitrate in water, on stirring 75 g 
of potassium nitrate in 100 g of water at 100°C, 

no precipitate is formed and when the solution is 
cooled to 30°C a precipitate appears. 

What is the type of solution (unsaturated / 
saturated / supersaturated) ? Explain your answer 
and calculate the precipitated mass of 

potassium nitrate after ee to 30°C approximate 

Alake dl. 46. on. Ced jee the Savion. 
(iid. Ly apa jn 


© 


f 
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4 P 
@® One of the students carried out an experi x of the mixture formed 
by shaking mercury in petroleum oil. 
ens Experiment | Observation | 
a bane ein tae | menmpeasehsd | 
G) On falling a bearn of light on the mixture | Fhe light is scattered | 


itates in oil | 


S | 


p 7 aná shaking | Mere = 
(Q) On leaving the mixture for some minutes after shaking | Metu pre 


c 


(3) On pouring the mixture in à funnel contains a filter paper | Mercury is separated from oit | 


Depending on these 


* [s it a solution ? 


ES 


\ 
d 


Arrhenius theory, what is the change that happens in water which contains 
some drops of methyl orange indicator by adding the acid to it ? 


© Among the famous chemical compounds : 


*den (D oxide, } eO * Calcium oxide. C? () 


a aded by no equations only a similarity between the two compounds, 
FEQ NG e > Fat. NM 
Corey T TN ni uem «T E E ls qm 

Beatle ah: Mas eemelele shed baht Noon ts ben ; La 
(2) Why is iron (1D oxide described as a base and not an alkal ali, while calcium oxide 

is described as a base and an alkali ? 
~Ffel bage. A d Ed 


tad er 


1 Solubla.ja. Jl 


OAN d$ clade tied: al. Ka. "e AS... Mies p" S oes. do Word By 


ne FE E 
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[weak 5 


less than 
10 


m~ Choose the correct answer for the question ; N 
1 0! " [1] @ | D 
1 @ Which of the following tools shown in figures can be used to transfer the highly 
` dangerous liquids ? ............ , 


2 SO 
{ o You have four solutions of equal conce 


electric current by a higher degree ? 


@ pr Eee" (Oji (€) HCN 


9 Nitric acid is similar to acetic acid in that both are 
© organic (b) mineral ©) strong 
0 What is the empirical formula of the com, 
and 14.4% hydrogen? I 
| @cu (b) cH, ©cu, ©, 
9 Which of the following is not a strong base? .............. 
(8) C(OH), (b) KOH (NH, @ Liou wily cl 
0 What is the mass of solute in a solution of ammonium chloride, its volume is BE x09 sors 
By -b ^6 
| 256 mL and its concentration is 0.9 MP? es. IN- 14H 2 1, CL 3s] 
(2 123g (b) 163g © 175g (8)215g 
9 What is the number of types of salts that phosphoric acid can form ? ........... Po y) 
(31 (52 (93 @4 
0 In the following equation : 
C H,NB, a) +O CENH a + OH ag) 
Reactants and products can be classified as follows : ............... 
acid + base === acid + base. ©) acid + base === base + p 
(€) base + acid —— acid + base. (d) base + acid == base + acid. 
Pera 


ntrations, which of them conducts 


(Ho, 


© monobasic 
= 


Pound that contains 85.6% carbon 


C=12.H=1) 


(i p) NIT a c) la el! 289 


© The following acids : (H PO, / HCI / H,SO,) 
are arranged from weaker to stronger as follows : ~- 


nne 3 LPO 
(à) HCI < H,PO, < H,SO, @HCI<H,S0, « P Pie 
80, < 
(€) 4,80, < H,PO, < HCI @ HPO, < H,505 


(10) Which of the following solutions is more saturated ? ........— 


100 mI 
o E 
20 mL 75 mL Igay mL 099 J- Water 
CIOT Water 9 T Water Water SA 
(©) © 
= 


o^ (& o0 © gob 2 


@® The opposite figure shows a nanorobot 
that Dr. Magdi Yacoub dreams to use in 
his field to carry out operations without surgery. 
Suggest an importance for the nanorobot. 
\ 


BT "à ond. Cos... lcs had. dtales, bare 
; pelo a Gal Apo Mad Apa ro one Qi Suh Ge 


| 
@ Calculate the mass of each of solute and solvent in potassium chloride solution | 


"E e bA B asp of Salud? y | 
its mass is 250 g and its concentration is 5% 4 e Im) Rn CETT (lao | 
posp ol Seda. m. Dry este Pise, o TS, fX 95s 12-550 Dr à 


Me Ta 
poso fso kasma ol od 08. unde 


"coule, 266 a 2375) A 
: 


(b The opposite two figures represent 

the structure of phosphorus and 

sulphur vapours (with no particular order) 
if you know that the gram atomic mass 
of phosphorus is 31 g/mol 

and that of sulphur is 32 g/mol : 


(1) Which figure represents the Structure of phosphorus vapour molecule ? 


P { PHO AW oL 


(2) Calculate the molar mass of the v; 


ARIE 2s 


apour of the two elements. 


Sepe 


n 


È 
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following substances : 


CM ar 


Atmospheric a ic air _Sea water | water 


@ Complete the following table with wh 
(ows << 3 [ NS E 
Nickel rem 


at is suitable of the 


Types of solution Physical state of s solute | | Physical state of solvent | Example | | 
(1) Gaseous solution Bir... "| 
(2) Liquid solution | | S3 suus LATIS] Rot Gale 
(3) Solid solution MSS Nus [I MEE vedi ame adl ey 


M. 


(5) In the light of your knowledge about the relation between the vapour pressure and each of 


boiling and freezing points of each of pure water and the solution, replace the numbers 
shown on the following figures with what suits each of them from the terms : 
* Pure water. * The solution. 
4 
$ ped iA 
g * ri 
Z A ^1 
£ H E | 
& 1 H a (OH ] 
1 E E T 
| 100 100.5 
| -186 0 Temperature (C) 


| dur. fonte @)..Salubliar ou 
| D pu. elo D S o 


en 
orming : 


wal 
Puc) 


(pP 


NH; 


T Na* JA ES 


i rf 
mical formula of the salt that dissolves in wate 


Conclude the che 
(1) A solution its pH equals 7 
(2) A solution its pH is less than 7 


(3) A solution its pH is more than 7 


compound, its molar mass is 146 g/mol 


dU Ue Pss). mp Men 


Dp aes tass. op of Hus. LOSS FUN 


ve Qvae C ^S sf cse pass 


f ——RE mn RR 


ae 
above k 
(Superis? } | [Remariable || average iN Weak 
$52] from to Bom "9 | less than 
eal z a fee | v 
marks ` marks | marks. marks | marks maS | marks 
(10 
[marks 


Choose the correct answer for the questions [1] : [10] 


which of the following expresses a quantitative measurement ? 
(a) Aluminum bar is longer than copper bar. 

(b) The first solution is more concentrated than the second solution. 
© The colour of the first solution is blue. 


o The temperature of the second solution is erc Boers 


© Which of the following is an application of Avogadro's postulate ? .............. 
@ oxygen atom is 16 times heavier than hydrogen atom. 


e cm? of each of Ar . O, . NH, gases contains the same number of molecules at 80k 


and | atm. 
(c) Volume of hydrogen gas increases by increasing its number of moles at constant 


temperature and pressure. 


(d) A mole of any gas such as CH, contains 22.4 L (at STP). 
9 What is the number of moles of hydrogen sulphide in 49.7 g sample of it ? ros 
[S-32.0 21] 
(2) 0.686 mol ® 1.46 mol (©) 83.8 mol @ 24.7 mol 
6 Which of the following acids is a strong acid 2... 
(à)HF (B) KOH ()nao, ()HCO — qj | 
6 On dissolving 16.4 g of HF in water, a solution its volume is 2 x 10° mL and its dE 
concentration is .....-..------ is formed. [H2 1.Fz 19] 
(2)0.82M (6) 0.16 M © 0.08 M Qu M 


@ What is the type of the compound which dissolves in water and does not 


dissolve in benzene ? .....------- 
@© nonpolar only. 


(©) polar only. 
@ polar or ionic. 
a 


(©) polar or nonpolar. 
293 
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@ The separating funnel showed in the opposite figure is used to (Q 
separate the components of ... mixture. I 
© cobalt (I) chloride in water D: ae 7 
(b) aqueous solution of cobalt (IL) chloride in kerosene 
C) milk 


(d) copper sulphate in water 


; 1 imensional 
(3) Which of the following choices expresses the dimensions of two di E 
nano substances ? . 


(Choices| Length à Width Height 
pen MS " n 12 

@ | 12x10 m 200 x10" m | — 330x107 m 
| een a RR LN : a | 
| 4 | 21 x 1075 m 0.18 x 10 m 17.9 x 10 m 
| e) | z MALO E A | 
[ E RENS > 6 

© | 130 x 107 m 49x 107 m 68x I0 ^m | 
Io it TTD See Thr —À GENES p 5 | 
| © | I7x10%m | 83xto4m | — 96xl07m — | 


(9) If the formula of antimony oxide is Sb,O, and that of sodium phosphate is Na,PO,, 
what is the formula of antimony phosphate ? ............... 


(3) SbPO, (b) Sb,PO, 
(©) Sb, (PO ), (d) Sb,PO, 
(D 20 mL of carbon monoxide gas combust in excess of oxygen according to the equation: 
2€O,, + Osp ——- 2CO 
g 2g) 2g) 


What is the produced volume of carbon dioxide gas (at STP) ? . 
@)20 mL (6) 40 mL 


(£60 mL (d) 80 mL 


— 


(e ; Pg 
(1) A chemical reaction is expressed by the opposite symbolic equation : 
aA + bB —e cC + dD 


What is the number of possible values of the value © ? with explanation 


OoN Nel. yas The Cok lo. gy -CofCedoxls NAM 
Ste [A Cof CocloxlS SN ee 


E - — = ae __ Booklet model Q 


yslals of one of the salts : 


— ae | 
m] 


— o o E (4) 
Mention the name of a salt can be no by this method. With cubase 
d 


ON 


(13) In the chemical reaction illustrated by the following equation : 


CH 3COOH aq) + NH, p == CH,COO, 


Relate each compound or ion in the previous equation with the appropriate term of 


vo * NE) 


the following : 


| conjugate base 2 | acid 2 d a ' base 2 


a C o ba 0 


"HAE 


276 
(14] In the reaction : 


129 g of Ca, (PO), was added to 4.4 g of H 3504, 
alculations the limiting reactant for this reaction. 


[Ca,(PO 4), = 310 g/mol , H,80, 7 98 g/mol] 
“0 4 


0.3. (Row) =. aS Ho m =o. can a 


Ca,(PO,), + 3,80, —* 3CaSO, + 2H,PO, 


illustrate by chemical c 


^ 
(«5 Conclude the chemical formula of rhenium chloride compound 2^ & 


the percentage of rhenium Re in it is 63.6% Res 1862 he gen 
n AGS aes ve n £5, d. BMP soe d 


@ If you have 1 mL of each of colourless hydrochloric acid and phenolphthalein indicator, 


How to differentiate between them by one practical experiment ? 


* Experiment : 


„a dding.-ceff-alidalafianse..aChok there (AQ) oun 


* Observation : 


CL. varains.-Coloulers,.Phanalehtelain.Clarteisto p 


' 


DUM WD 


Mu 
HS man 


-« Choose the correct answer for the que 


lions e : (10) (0 
: . marks) 
4 


Quantitative measurement 


o à numerical value and 


a measuring unit. 
b) doesn't include a numerical y 


(d) is achieved through 


the chemi 
(0 All emical formul 


alue, (c) always includes 


l a comparison, 
practical experiments, 


as of compounds shown in the following table are correct, 


except issena 
© © © | 
Aluminum sulphate | Calcium nitrate | Iron (III) bromide Potassium sulphide | 
| Al,(SO,), Ca(NO,), Fe,Br K,S | 


(3) An element (X) its gram atomic mass is 32 g/mol and its electronic configura 
is (2, 8, 6), Another element (Y) its gram atomic mass is 35.5 g/mol and its e| 

| configuration is (2, 8, 7), What is the gram molecular mass of the compoun 
produced from combining the atoms of the two elements (X), (Y) ? 

(8) 67 g/mol (b) 99 g/mol © 103 g/mol @ 134 g/mol 


© Which of the following represents a pair of conjugate acid and base ? 

] Opo. ro © HPO; PO; © HPO, , HPO? @H,P0, , HPO% 
(8 In which of the following compounds the mass percentage of hydrogen 

is higher ? 


tion 
lectronic 
d 


IHz1,CI2355,0-16,$232] 


H,O H,SO, OL E 
ou 3b, 9 EN e Ma ° 51 5.3 
(5) Which of the following diagrams expresses the solution produced from dissolving 


Sugar in water ? .. 


e 
, Water molecules @ ooo Seg] 


(TAT p AGA) Weekes poled 297 


@ Which of the following statements is correct ? .........- m 

(8) The aqueous solution of magnesium oxide its pH xal soni n 

(b) The aqueous solution of sulphur trioxide its pH value is g 

© Calcium oxide reacts with nitric acid forming salt and water. 
cium oxide 


NEN ing salt and water. 

© Carbon dioxide reacts with hydrochloric acid forming 5 d with 
acu f sugar are used wi 

(G) In the experiment illustrated by the following figures, 2 E ^ EH icai: 

different volumes of water at different SYS er time ? osos i 

the dissolution process of solute in the solvent takes long 


Water | 
Water Water (at 25°C) | 
(at 25°C) (al IC) | 
Water 
(at 25°C) 
" jeces of Y |. Sugar 
ea e ecd je — powder 
© OF © 
i 2CO 
© According to the reaction : C,H,,0, —- 2C,H,OH + 2CO, 
on adding 100 g of yeast to 1 mol of C,H,,0, , 323 g of C,H.OH are formed, 
what is the percentage of the actual yield of CHOR ? ............ [C2 12,H 21,018 


@ 35.1% (b) 17.5% 
(c) 100% @ 32.3% 


(D What is the ionic equation which represents the formation of calcium carbonate salt, 
which is insoluble in water from the reaction of CaCl 


2+ 2- 
(OI CO3 c) — CaCO 


bs Na,CO, solutions ? 
3(ag) 


i 3 
OA, CO, + CaCl) e PNa g + Clg) CaCO, y 


2+ 2- 
Qaa (ag) + CO — coD 


N: 2 
© PC Osag + CAC) — 2NA CoL. 


——M——— a cee Booklet model (7) 


@® Show by symbolic equations, which reacts with larger volume of hydrochloric acid, 
7 1 mol of sodium carbonate or 1 mol of sodium bicarbonate ? 
á sA: Coa. T 


Calculate the molality of the 


solution produced from adding 0.25 mol of 
potassium bromide to 1.25 ke of water. 


(9 


@ What does happen when each of the following is added to a heterogeneous mixture 
of water and benzene ? With explanation. 


Varn d N ! 


1 
| 
i 
1 
i 
i 
i 
i 
; 
i 
i 
| 
| aa DOR Lg 
pa 
7 


S Calculate the mass of 37.8 L of methane gas (a STP). © =| 
i 
i 


@« Calculate the mass of phosphorus vapours [P = 31) that contains the same number of 
molecules which are found in 4.23 g of sulphur vapours [5 = 32]. 

mI Pras eam ‘Sn. fe A ig 

d Supine E 


NY, et p ani 
zd hào sno. " 
Lat Mia 


A 


@n The opposite graph represents the relation between 

] the vapour pressure of (pure water and an aqueous solution) 
and the temperature, 

Write beside each term of the following 

the appropriate number that represents it 

(in the graph) 


Temperature ( 


( . i an vapour pressure of f...| boiling point o 
1) [o] rem point of solution m L d 1 solution é solution f | | 


(2) |44| freezing point o of pure water Jf- ” vapour pressure oj of | boiling point of | 
BET JUL E Pure pater pure water 


Which is greater : 


the difference between the boiling points of pure water and th 


Oe the freezing points of pure water and the solution ? 


g Weena. betwnen.. bal Poser... Maat 


€ solution or the difference 
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Which of the following prefixes do not zn its true value ? 
ilo = 1000 u 


} d Mega 10^ units 


EN 
boe 
"y (-9 e. 

(d^ Nano = 10 of the unit. 


D Daa = 10 gnis. 
= 


On mixing 2 mol of the substance (A) with 1 mol of the substance (B) according to 


the hypothetical equation : 34 + B — C+D : 
Then the limiting reactant will be swith explanation. 
(©) A / Because its molar mass is the smallest. 


[DES | Because all its moles are consumed in producing the least number of products moles. 


i 
| 
j (e R / Because the number of its moles is less than the number of moles of (A). 
| @ B / Because 3 molecules of (A) react with 1 molecule of (B). 


© A sample of oxygen gas its mass is 32 g contains (H=1,0=16) 


(26.02 x 107 oxygen atoms. Qo x 
(b) 1.204 x 1074 oxygertmolecules| 20, N 


€ 


© the same number of oxygen atoms found in 18 g of water a 
re same number of oxygen atoms found in 36 g of water. 207221 c- 


l 


O° 


€ 
e Why is glucose soluble in water. while benzene is not, inspite of both bein 
organic compounds ? ........ 
(3) due to difference of their molar masses. 
(b) because glucose is an ionic compound. while benzene is a covalent compound. 
© because glucose is a strong electrolyte. while benzene is a weak electrolyte. 


@ because glucose contains polar O — H bonds, while benzene contains C. H only. 
—_ 
6 On measuring the boiling and freezing points of an aqueous solution of 


sodium chloride the readings of the two thermometers were... 
@o98°c,-16°C — @) 100°C. 0°C © 102°c.-1.6°C  (@ 102°C. 0°C 


301 


6 


e n adding HX acid to water with stirring, there are two probabilities shown in 
the following figures : 


'e &. | &®8, G6 


uë 9 
© $9. e @ "o0" 
| E ot o " v 6» & Og 


the first probability the second probability 


HN acid acts in 


^ the fi 3 ; ` mn 
GO the first probability as a weak acid and the second probability as a strong acid 


W the first probability as a strong acid and the second probability as a weuk acid. 
| D WA the two probabilities as a weak acid. (d) the two probabilites as a strong acid, 
(7) One of the most famous sauces is prepared by whipping egg yolks, and during 
continuous whipping, oil is added drop by drop, then afterwards drops of vinegar are 


added, what is the classification of the mixture which composes this sauce ? 
(b) Colloid (liquid in solid). 
(d) Solution (gas in liquid). 


pe Colloid (liquid in liquid). 


(c) Suspension (solid in liquid). 


o Which of the following tools would be used in a titration process ? and what is 


the missing tool ? . 


Analytical balancë 


(n. a Round - bottom Mask 


“Q) n Conical flask 
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© Which of the following curves represents the titration of a weak base with 


a strong acid ? ............... 
14 
pH 7 \ 
e 
0 = 0 s 
© 


E P 14 
pH 7 pH 7 i" 
0 de 0 
Volume of the acid Volume of the acid. 


14 
pH 7 
Volume of the acid Volume of the acid 


© Which of the following equations represents correctly the reaction of sodium 


carbonate solution with sulphuric acid ? ............... 


8) Na,CO,.. + H,S0,,. —* NaSO py + H,0,y CO, 


A(aq) 
2- + 
(Dcos: 2H 9) — H Qt COx, 
c » 2- 
O Nat, + COX, + H,SO,,,) — Na, SO, 


2- + 
(3 COT. + 2Ht — HiO an + CO, 


+CO 


+ H,O) X(g) 


4(ag) 


A 


(n "Science fiction is becoming by time and efforts touchable facts" 
Clarify the previous statement in the light of astronomers expectations regarding 
the use of carbon nano tubes. 


Qaxbon. ano. Lube. o eti). bid. oe yog ld gouty Nich 
uA Nady oeque n 


@ Calculate the molality of the solution produced from dissolving 2.7 g of CH,OH in 
25 g of H,O [C2 12, H 21,0 - 16] 


(5 Solid indium element reacts with chlorine to form InCl, 
What is the value of the coefficient of InCl, in the balanced chemical equation of the reaction ? 


2 Bye pF eh 2 415 ph asta A ti e uae arses 
Sind ^s Ua NU i 
poe E 
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© The following table shows the masses of copper (II 


"esi NS i49. HEE SR SRN RD GERE 


ompounds which are 


+ Sodium chloride. + Potassium phosphate. + Glucose. 


© The following figures represent the solutions of three different € 
f 
i v DG y 2 
| KO COON 
| 8 o [oG e o 
| Fog! o o0 i 
a Q) q J 
| Íg ^K. 9 
| o o 
i T ^ - (ec ' ' 
i [tu Bola guanfhes phat DGuk se (3) Sad pue C Vor, d è 
Write below each figure the chemical formula of the compound which represents it. ; 
A. rm Los L eu 


) sulphate required to be dissolved 


in 100 g of water to make several saturated solutions at different temperatures : 
Temperature CO | 0 20 40 60 80 100 ] 


| e | 
Solubility (gsolut/100g H0) | 14 | 20 | 28 | % so | 77 | 


(1) Use the values shown in the previous table to draw the solubility curve of 
copper (1D sulphate. 


à 
so 
9 p 


wow d € w www 


Temperature (C 
(2) What is the maximum mass of copper (ID sulphate can be dissolved in 100 g 
g 


of water at 50°C ? 


(D Complete the following equation: H,SO,., + H,O J. 
d wh oro UP ME uen -ASOY+ H,O" uo 
and why water is classified in this process as a base ? 


AKS baseas LEALL ESAle X 


M 


304 


———— cicer RT 


iD 4 balloons are inflated with four different gase 
of temperature and pressure, the mass of : 

+ Hydrogen gas in the first balloon was 0.02 g 
+ Helium gas in the second balloon was 0.04 g 
+ Neon gas in the third balloon was 02g 

+ Oxygen gas in the fourth balloon was 0.32 g 
Arrange these balloons according to their vol 
chemical calculations. 
p Y Asa favole 


WAIT 
cyrobwentess 


Cede... 


s at the same conditions 


(MH 
Booklet model 


o 


pns 1] 


[Nes 


ved] 


20] 


10 = 16] 


lume, explain your answer with 


dox e$ -etf Eataa Sant jo t cf NJ a hna g 
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p Saperet k 
3 in o less than 
" om 
fom) tf a tor 4 x 
à vw m ^ 
ed be maiks mas 
marka WARS maks marks maks | 
1) 


(marky 


rect answer for the questions [1] : (10) . - 


the change in temperature 
lumes of sodium hydroxide 
d during 


poe Cheow the car 


riment to measure 
acid to different vo 
student would not nee 


One of the students performed an expe 
on adding 25 ml of dilute hydrochloric 
solution, which of the following tools the 
the performance of the experiment ? 


f | 


| 
I 
| , 
| f | 
| | 
I 
i 
| 


®© e © e 
eo In front of you 4 similar flasks contain four different gases at the same conditions of 
?o pressure and temperature. which of these flasks its molar mass is larger ? ~ 
[Os 16 N= H4. He 1, C2 Ul 
I 
| = 
| | A 
! 
j Carbon 
| Ouse, dioxide 
"EIS l 
gy 


P» 
n not behave as a base and as an acid in 


| a 
e Which of the following ions ca 
) different reactions ? ~~-~- 
($^ H.PO; Dco 

at s Sees 


h 

8 

i 

3 | (€) HCO; (à) HSO; 
e What is the anion that exists in greater concentration in the solution which is 


f DHA > b 
S a | )OH ©) H.AsO- 
S x j H, AsO, @ Na* 
PEST 1 


produced from the reaction of QLmol of H AsO, acid with 0.1 mol of 
i VM SN = 


i 
e = > salt is found in many crystalline forms [ns ; 
: à . GN 2 
| in an the following sodium sulphate crystalline salts loses 43.2% of its a 
| = plete evaporation of all water present in it ? . IN : pud 1] 
| (a N&àSO,.H.O ON 2 ge ne 
jj SO, HY b) Na,SO,.2H,O c)N: 
ie ,50,2H, Qi aS0,6H,O — (d)Na,SO,8H,O 


yum 1 
Re ft sre Wass 4 
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— EG m Booklet model Q 


@ A solution is prepared by dissolving 1.25 mol of an unknown substance in 
1000 g of pure water, which of the following by measuring it we can conclude that 


the solute is an electrolyte or nonelectrolyte ? . Pout 
—— ii : pst er 

(a) Temperature of water. (b) Freezing point of solution. 

©) Volume of solution, (d) Molar concentration of solution. 


(77 Which of the following ions produces gas bubbles on adding hydrochloric acid to its 
solid salt ? ............. 

(@) Cu” (b) Fe? (c) AP* (d) cot 

(57 The opposite graphical figure represents the effect 
of temperature on the activity of one of the human 
digestive enzymes, this represents the integration 
between chemistry and... 7 
(a) physics. (b) biology. ‘Temperature (C) 
© pharmacy. © agriculture. 


© Which of the following represents an empirical formula and a molecular formula in 


70€ 


the same time ? ............... 
@CH,, ® CHo 
© CH, @ CH, 


( Ethane gas reacts with oxygen Send to the equation : 2 med SY nrc] 
xTM - Uri 
2C Heg + 704, > 4CO,,,, + 6H,0,,, M cai 
What is the volume of CO, (at STP) which is produced when 4 L of ethane gas 9 d " 


reacts with excess of oxygen ?............... 


@2L (3L ()4L qst 


@ How can the reaction of a concentrated solution of NaOH with 1 M (NH SO, solution 
be indicated ? Write the balanced symbolic equation including the physical states of 


> Mai DOH sg th, Qy > IM lhc, 


Hee. No ANVEN. c] s Am Shia 
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reactants and products. 


(Ni 4), Dor alia 


(90 . oe 


A 
@® The opposite two figures show 


the moler 


Jecular strecture of diamond 


and carbon nano tubes 


i 
| 
i {13 Which of them is 
i 
i 
i 
f 


Carbon nano tube 


1 

1 5 "n : z 
| (2) Which is harder, ca 
i or steel ? and why ? 
i 


Tas 


@ Chiorocthene compound C.H.CI reac reacts with oxygen according to the equation : 
| 2C H,CI,, + 50y — 4009) * 2H; O, + HCl o 
| Calculate the number of H, [9] molecules MS from reaction of 10 mol of C.H.CI 


with excess of oxygen gês. —.— ^ : 


| 

| pn 
i - 

C 


(14) Calculate the mass of magnesium oxide that can be obtained by reacting à sample of 


magnesium its mass is 24 g ith here of oxygen. 24.0 2 16] 
1040 


-— p ENN Booxiet model Q 


(5) According to the reaction shown by the equation : 
280, + O, — 250, 


What is the limiting reactant on mixing 1.5 mol of O, with 2.5 mol of SO, ? 


Sor DS ea MA yt Ad OND ge 


eee Ue ideals 


E dette ti n Er 


(9 Calculate the depression in the freezing point of water, when an amount of 
nickel (IJ) nitrate salt is dissolved in it to form a solution, its molal concentration is lm, 
knowing that the molal freezing point depression constant of water is 1.86°C.kg/mol 
si Deprest. ion. Lo tagtig Dolo AE Kp.mGolude... 
————— Hs. ERR ee a bes p C 


Booklet model athe ke OF 
/ is » j 
£ į powe Weak 
j Lupedet]  amenatie zoe 
X t v. d A u 
teom wo tom 2 Ld ^ en 
xi : Len PUR ants macs mavs 


meres mats maf 


H 
(18 
+ Chome the correct answer for the questions (1) z (10) , b. Y 


(11 Uranium is supposed to exist in earth’s crust in ratio of 4 g for each 1 ton of earth's 


crust, what is the "- of uranium exíst in 1s mg of earth's crust ? ? 
fd dj6 x 10° gram. 


(a) 6 nanogram. fb, 6 microgram. c) 6 milligram. 

E) hat does happen on mixing two equal volumes of 0.2 M K 60, solution with 
6.2 M Na fO; solution 7 
(ipe precipitate is formed. fb) A precipitate of KPO, is formed. 
(©) A precipitate of Na, CO, is formed. ç (d) A precipitate of K,PO,. Na,CO, is formed. 

NP 
6" The conjugate base of water is ^. 
| Gor Lu (c) H40* (d) H,O; 


Chee Strength of cid | Concem 
Cunt 001 M © 


Weak (1 001M J 
em. ] CUM |]. 58 7^ 
wa — | 34 qd Eres] 
i Š — e — == | Td 
O The follawing solutions are equal in concentration, Which of them 
is alkaline ? 
eu, — Dag OMA, ONNO, 
Arog 


© Phosphorus P, can be prepared from the following reaction : 


— is m 
1 2a (PO), + 0510, + J0C ——- OCaSiO, + JOCO + P, 


—  À | 


{ 
Molar mass H Hö mol | Agm | 12 g/mol 


Masses present ín | | 
Soros madain | 3970 | 1795 g re 
| — L 5425 1 ME. b 
What is the limiting reactant for this reaction ? : 
ajc fb) Ca. PO,), (2510, (d)P, 
316 
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(@ Which of the following values is not followed by a measuring unit ? .. 


@) Molar mass. © Nano shell diameter. 
©) Molal concentration. (pH 


(3) A mixture of ethanol (its boiling point is 78°C) and water (its boiling point is 100°C) 
can be separated by fractional distillation method, which of the following graphs 
expresses the concentration of the mixture by time ? ..... 


Concentration Concentration Concentration Concentration 


æ Time — —e Time 
p © S D 


o A sample of potassium chlorate KCIO, was heated in an open test tube, 


so it decomposed according to the equation : 


249 p 396) 96. "EE 


aL , p 
oie? (2KCIOS, 2+ 2K CI, «0, 249 
What is the percentage of the lost substance of potassium chlorate at the end of 


the reaction? .... IK 239, CI 2 355 0 - 16] 
(2) 12% (b) 28% ©) 39% @ 30% 
Pi 
© The mixture of mud in water is ............... Lee 22) 
Q a heterogeneous colloidal mixture, 
(5 a homogeneous suspension mixture. 


©) a solution whose contents can not be separated by filtration. 


(d a suspension mixture whose contents can be separated by filtration. 
M 


@ The opposite graph represents the vapour pressure 
curves for two pure liquids (A) and (B) and the solution 
resulted from mixing them (C). 


If the liquid (A) is more volatile than the liquid (B), 


Indicate each curve by one of the letters (A) , (B) or (C). 


L 


MM anr RIERIDERRIINIIAT 2 —À S MRERRIUURES EUREN RERBA. UAERIRA > 
LS H 


4 
(D The following three figures show the structure of graphene film whieh can be converted 


into single-walled carbon nano tubes and Bucky ball : 


Graphene Carbon nano tube Bucky ball 
(1) Compare between the rings forming each of graphene and Bucky ball 
"in terms of : number of carbon atoms of each ring". 
p A " 
C A Cors an eM 


Cos cea daa 


Lic e ANS: 
(2) Mention another difference between carbon nano tube 
the geometrical shape of carbon rings”. 


and Bucky ball “other than 


MESES 


sedes a false s n 
xIo dada sa TET aom 


e Calculate the molar mass of the compound produced from h 
| potassium. and selenium which is located below oxygen in the mod 
i 


D 


«5 Calculate the percentage of the practical yield, 
| when 5 g of ethanol C.H,OH react with excess of potassium permanganate KM i, 
to form 4.24 g of acetic acid CH COOH according to the equation : 
3C.H,OH + +KMnO, —— 3CH,COOH + 4MnO, + 4KOH + H,O 


© Write the chemical equations that represent the formation of the solution of each of 
| the following substances : 
(ly Ne,SO,.. , Strong electrolyte). 
P edi 


(2) CH,N.O, " (nonelectrolyte). 
Z Yao 


^L 6 39». 


[KT HBO, 


i 
| 
i 
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| 


e rest is chlorine 
@ An unknown compound contains 24.2% carbon, 49 hydrogen and the te Pr None 
5 
what is the molecular formula of this compound ? given that molar mass is 150 g/mol 
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